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REVIEW 


Hiroomi Ketno! and SHIGEO KASHIWAMATA2 


"Department of Perinatology, Institute for Developmental Research, 
Aichi Prefecture Colony, 713-8 Kamiya-cho, Kasugai, Aichi 480-03, 
and “Aichi Prefecture/Chita District Public Health Center, 
88-2 Yawata Aza Arakonochi, Chita, Aichi 478, Japan 


ABSTRACT—The importance of Purkinje-granule cell interaction for cerebellar development was 
repeatedly emphasized by many authors. Mutant animals such as weaver and pcd mouse were useful 
instruments to speculate the mechanisms of the interaction. In weaver mice, almost all the population 
of postmitotic granule cells fails to migrate and dies. Purkinje cells, however, exist in the 
underdeveloped cerebellum. The death of Purkinje cells occurs after synaptogenesis in pcd mutant 
mouse. Developed granule cells remain unaffected in the mouse. Gunn rat is another type of mutant 
animal whose Purkinje cells are severely damaged at initial stage of synaptogenesis. The Gunn rat is 
devoid of hepatic UDP-glucuronosyltransferase activity toward bilirubin and as a consequence shows 
hyperbilirubinemia. A preferential deposition of bilirubin on Purkinje cells occurs in Gunn rat infants 
at postnatal day 7, then the cells are severely damaged. Postmitotic granule cells lost companions for 
synaptogenesis and faile to migrate. Our recent studies show that some lectins temporarily bind to 


Purkinje and/or granule cells in the initial stage of synaptogenesis. 


The Purkinje-granule cell 


communications may be mediated by various glycoproteins. 


One of major problems in developmental neuro- 
biology is to elucidate the process in which a high 
degree of specificity that characterizes neuronal 
connectivity in the mature brain is established. 
Such a complex organization must result from 
progressive and sequential processes in which the 
interaction between a growing neuron and other 
neurons including its cellular environment mod- 
ulates the expression of a genetic program. 
Neuronal connectivity in adult animals is better 
understood in the cerebellar cortex than in any 
other part of the brain [26] because of an apparent 
simplicity of the cerebellar circuitry. Thus, the 
genetic malformation has become a valuable mate- 
rial to analyze the role of cellular interactions in 
the formation of neuronal circuitry in the central 
nervous system. There are two main neurons in 
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the cerebellar cortex, Purkinje and granule cells 
(Fig. 1, p and g, respectively) and two afferent 
(climbing, cf, and mossy, mf, fibers) and one 
efferent (axon of the Purkinje cell, a) systems. 
The granule cell stretches its axon toward the 
molecular layer and spreads two branches that 
make synapses with Purkinje cell dendrites. The 
Purkinje cell stretches one or two primary de- 
ndrites toward the surface of the folium. The 
primary dendrites branch into two or more secon- 
dary dendrites that tend to run horizontally. 
Forked branches continue to divide again in the 
same manner. The terminal branchlets are fitted 
with numerous spines or thorns, which project 
from all sides, like bristles on a bottlebrush. The 
dendrites form a characteristic and extraordinary 
arborization that extend through the whole thick- 
ness of the molecular layer. It is suggested that the 
Purkinje-granule-cell interaction accomplishes an 
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Fic. 1. Cortical layers in a midsagittal section of the 
adult rat cerebellum. Left, hematoxylin-stained 
section; right, schematic representation of neuronal 
circuitry. m, molecular layer: P, Purkinje cell: g, 
granule cell: a, axon of Purkinje cell: cf, climbing 
fiber. d, v, r, c, Is and rs indicate ventral, rostral, 
caudal, left and right sides, respectively. 


essential function for the establishment of these 
characteristic appearances. For the purpose of 
analysing the Purkinje-granule-cell interaction we 
have developed a mutant strain of rats (Sprague- 
Dawley strain Gunn rat) from the original jaun- 
diced strain [18]. Homozygous (j/j) Sprague- 
Dawley strain Gunn rats show a severe cerebellar 
hypoplasia in lobules I to VIII but not in lobule X 
(Fig. 2B). The cerebellum of heterozygous (j/+) 
rats develops normally (Fig. 2A). The j/j rat lacks 
the ability of bilirubin disposal in the liver and as a 
consequence shows unconjugated hyperbilir- 
ubinemia, which develops soon after birth and 
persists throughout life. The jaundiced condition 
has been characterized as an autosomal recessive 
inheritance. The j/j rat is evidenced to be devoid 
of hepatic UDP-glucuronosyltransferase activity 
toward bilirubin (BR : UDPGT, EC 2.4.1.17) [32]. 
Recently, cDNAs for BR:UDPGT have been 


isolated from rat [30] and human [27] hepatocytes. 
In the j/j rat the genetic defect of BR: UDPGT 
has been also proved to be a —1 frameshift 
mutation caused by one base deletion in the cDNA 
sequence [31]. This creats a new termination 
codon resulting in a failure in a complete synthesis 
of the BR: UDPGT protein. Thus, the j/j rat fails 
to excrete bilirubin into the bile as a form of 
glucuronides and develops severe hyperbilir- 
ubinemia. 

The concentration of bilirubin in the circulating 
blood of the j/j rat has been reported to be 
reduced with photoirradiation [28]. A single 24-hr 
photoirradiation in a period of postnatal days from 
3 to 11 revealed that the most effective day of 
irradiation is centered on postnatal day 7 [21], the 
day being probably most critical in the bilirubin- 
induced cerebellar hypoplasia. These observations 
indicate that the cerebellar hypoplasia in the j/j rat 
is not directly related to the genetic abnormality 
but secondary to hyperbilirubinemia. 

Although cerebellar weight in the j/j rat is 
markedly reduced as a whole, the cerebellar 
medulla progresses normally. In fact, our histolo- 
gical observations showed a well developed and 
fully myelinated medulla [17]. Enzyme histoche- 
mical examinations also showed strong acetylcho- 
line esterase activity (a marker of mossy fibers) in 
the hypoplastic cerebellum. The activity of cere- 
bellar 2’,3’-cyclic nucleotide 3’-phosphohydrolase 
(a marker of myelin) in the j/j rat were almost the 
same as that in the j/+ rat at all developmental 
ages [2]. These findings support the hypothesis 
that afferent axons are not an attack point of 
bilirubin and impairment by the pigment occurs in 
interneurons or glial cells. 

Cerebellar wet weight, dry weight and DNA 
content have been shown to be very low in the j/j 
rat [15], which is, for example, one fourth in wet 
weight of the j+ rat at postnatal day 30. DNA 
content, the rate of incorporation of 
(?H)thymidine into DNA, and protein concentra- 
tion in the j/j rat cerebellum are significantly 
reduced on and after postnatal day 10 [16]. The 
majority of cerebellar neurons are granule cells. 
Therefore, decrease in DNA content and the rate 
of thymidine incorporation into DNA indicates 
diminution in the number of granule cells. Histo- 
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homozygous (j/j) Gunn rats. A, j/+ rat with well-developed lobules at postnatal day 30. B, j/j rat. Lobules 
I-VIII and the dorsal part of lobule IX are severely damaged, while the ventral part of lobule IX and lobule X are 
nearly normal. C, j/j rat at postnatal day 30 with severely damaged lobules VII, where no Purkinje cells and a 
reduced number of internal granule cells are observed. D, Lobule VII of j/j rat at postnatal day 10. Developing 
external granule cells (ex) and many internal granule cells (in) are recognized. Purkinje cells (p) are severely 


damaged. 


logical observations revealed that the hypoplastic 
cerebellum had a poor granule cell layer and only a 
few granule cells remained in the layer (Fig. 2C). 
Granule cells are severely affected in the hypoplas- 
tic cerebellum. However, they may not be the first 
attack point of bilirubin, since in the j/j rat cere- 
bellum the number of granule cells increases rapid- 


ly up to postnatal day 10 (Fig. 2D), the time being 
included in the critical period of bilirubin toxicity 
(postnatal day 7 [21]), and a lot of granule cells are 
observed in the granule cell layer at postnatal day 
10. It was also true that much bilirubin deposition 
occurred on the granule cell layer at postnatal day 
15 [7], but the effort to reduce the bilirubin 
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concentration at that day failed to protect the j/j 
rat from cerebellar hypoplasia [18]. 

The amounts of £-S100 and glial fibrillary acidic 
proteins, marker proteins of astrocytes, have been 
reported to be markedly increased in the j/j rat 
cerebellum [5]. The hypertrophy of Bergmann’s 
glial cells and astrocytes is also observed in the 
cerebellum by the immunohistochemical method 
with anti-glial fibrillary acidic protein antiserum 
[6]. In particular, somata and apparently thick- 
ened glial fibers of Bergmann’s cells are strongly 
immunostained. These findings suggest that astro- 
cytes are less vulnerable to bilirubin than neuronal 
cells. 

During the early postnatal period the activities 
of lysosomal enzymes in the cerebellum increase in 
a linear manner, reach maximum at postnatal day 
20, and then decrease. It has been demonstrated 
that the maximum level is higher in the j/j rat than 
in the j/+ rat [2]. However, the increase of 
lysosomal enzyme activities in the j/j rat shows a 
big difference among enzymes [29]. The most 
striking rise has been recognized in 
glucuronidase whose activity is elevated 8 times as 
high as that in the j/+ rat. Other enzymes such as 
arylsulfatase, cathepsin and acid phosphatase have 
been found to be 2.0, 3.1 and 1.3, respectively, in 
the maximum activity ratio of the j/j to j/+ rat. 

Enzyme histochemical observations in the hypo- 
plastic j/j rat cerebellum have shown that the 
accumulation of acid phosphatase and /- 
glucuronidase reaction products is particularly 
marked in microglia-like cells whose cytoplasm is 
filled with lysosomes [17, 19, 22]. Lysosomes in 
these cells are very large in size and often contain 
electron-lucent vacuoles. The age-related change 
in the number of microglia-like cells resembles the 
pattern of biochemically detectable lysosomal en- 
zyme activities in the j/j rat. Microglia-like cells 
appear in the cerebellum at postnatal day 5 and 
reaches maximum in number at postnatal days 15 
to 20. Thus, the enhancement of lysosomal en- 
zyme activities in the j/j rat cerebellum is consi- 
dered to be associated with the increase in the 
number of microglia-like cells. Microglia-like cells 
are never observed in a slightly damaged cerebel- 
lum whose wet weight is half of that in the j/ + rat. 
It would appear that microglia-like cells emerged 


following the impairment by bilirubin of cerebellar 
neurons to digest these damaged neurons and their 
constituents by lysosomal heterophagous func- 
tions. 

Cerebellar glutamate decarboxylase (GAD) 
activity is reported to be significantly lower in the 
j/j rat than that in the j/+ rat [2]. The lower 
GAD activity was observed at postnatal day 8 to 
20. This indicates that the bilirubin-induced im- 
pairment of synapse formation occurs mainly in 
GABAergic neurons during the suckling period. 

Purkinje, Golgi, basket and Lugaro cells are 
known to be GABAergic. Severe abnormalities of 
Purkinje cells are seen even in newborn j/j rats; 
vacuolation of the cytoplasm is pointed out before 
24 hr of life [3]. The degree of impairment of 
Purkinje cells become severe and the cell popula- 
tion diminishes with age in the j/j rat. It has been 
also shown that little or no abnormalities are 
recognized in Golgi and basket cells in the j/j rat 
cerebellum. These cells may be resistant to bilir- 
ubin toxicity. Among cerebellar neurons, Purkinje 
cells seem to show the earliest [3] and severest [33] 
manifestation of abnormalities as characterized by 
the presence of bizarre membranous bodies, en- 
larged mitochondria, and vacuoles. Biochemical 
data also suggest serious damages of Purkinje 
cells. A phosphoprotein, which is characteristic of 
Purkinje cells, has been extensively investigated in 
rat and mouse cerebella (Pago [24], GR-250 [13], 
InsP3-binding protein [11]). The protein increases 
rapidly from postnatal day 3 to 21 in the rat 
cerebellum coinciding with the development of 
Purkinje cell dendrites [13]. In the jj rat cerebel- 
lum, reduction of the protein is prominent [4], 
suggesting strongly the destruction of Purkinje cell 
dendrites. These results may indicate that bilir- 
ubin attacks Purkinje cells at the stage of synap- 
togenesis. 

This is also supported by the following findings. 
The severity of cerebella hypoplasia in the j/j rat 
differed considerably among lobules [16, 17]. 
Histological observations in the j/j rat cerebellum 
showed the lobular difference of Purkinje cells in 
vulnerability to bilirubin toxicity: Lobule I to VIII 
were greatly reduced in cell number, while no 
significant difference was observed in lobule X 
between the j/j and j/+ rats at any postnatal day. 
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Disappearance of Purkinje cells in lobule I-VIII 
amounted to more than 90%. 

Some morphological differences of Purkinje 
cells between lobule I-VIII and IX-X have been 
reported with hamsters [23] and rats [12]. This 
encouraged us to pursue histochemically the back- 
ground of cellular vulnerability to bilirubin. Pur- 
kinje cells showing dark blue staining by toluidine 
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blue at pH 3.8 were rich in number in lobule VII, 
but only a few in lobule X (Fig. 3A and B). On the 
other hand, azocarmin-stained Purkinje cells were 
abundant in lobule X and poor in lobule VII at the 
same pH. These findings suggest that the intra- 
cellular pH of Purkinje cells in lobule VII is 
more acidic than that in lobule X, resulting in a 
larger amount of bilirubin deposition on Purkinje 
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Fic. 3. Light microscopic photographs of Purkinje cells in lobule VII (A and C) and lobule X (B and D). A and B, 
toluidine blue-stained Purkinje cells at pH 3.8. In A, most of Purkinje cells (p) and some Golgi cells (g) are 
stained dark blue, while granule cells are light blue. In B, Golgi cells (g) are stained blue but Purkinje cells (p) 
light-bule. C and D, photographs of a section incubated with bilirubin at pH 8.0. In C, a marked deposition of 
bilirubin is observed in the cytoplasm of Purkinje (p) and Golgi (g) cells. In D, bilirubin deposition in only a small 
in amount on Purkinje cells but large on Golgi cells. 
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cells in lobule VII than in lobule X. Such a lobular 
difference in bilirubin deposition on Purkinje cells 
was also observed at pH 8.0. Purkinje cells in 
lobule VII and X were stained deep and light 
yellow, respectively (Fig. 3C and D). Golgi cells 
also stained yellow, but there was no difference in 
bilirubin deposition between lobule VII and X. 
Only a small amount of bilirubin was deposited in 
the granule cell and molecular layers and white 
matter in both lobules. 

The affinity of Purkinje cells for bilirubin has 
been also evidenced in vivo. A single sub- 
cutaneous injection of bucolome, a potent displac- 
er of bilirubin from the bilirubin-serum albumin 
complex, increased the cerebellar bilirubin level in 
the j/j rat [7]. At 7 days of life, the most critical 
day of the bilirubin-induced cerebellar hypoplasia 
[14], Purkinje cells were stained yellow with bilir- 
ubin in the bucolome-treated j/j rat. Although 
bilirubin lost toxicity to impair the cerebellar de- 
velopment at 15 days [18], localized yellow staining 
in the bucolome-treated rat cerebellum was most 
apparent in the granule cell layer with no staining 
of Purkinje cells [7]. The results suggest that the 
severity of hypoplasia in lobule I to VIII of the j/j 
rat is causally related to the cytochemical tendency 
of Purkinje cells to deposit bilirubin. Thus, it 
seems likely that a preferential deposition of bilir- 
ubin on Purkinje cells in lobule I to VIII occurs in 
j/j rat infants, through which Purkinje cells are 
damaged eventually leading to degeneration. 

The critical period of bilirubin-induced cerebel- 
lar hypoplasia is centered on postnatal day 7 [20, 
21]. Takagishi and Yamamura [35] reported that 
Purkinje cells in rats, to which hyperbilirubinemia 
was experimentally induced by hemolysis, were 
destroyed by bilirubin at around postnatal day 7. 
The postnatal day 7 is comparable to the stage that 
Purkinje cells begin to form synapses with parallel 
fibers [1]. The developmental increase of P4o9 has 
not been observed in the j/j rat cerebellum [4]. It 
is suggested that bilirubin affects directly or in- 
directly the synapse formation between Purkinje 
and granule cells, followed by failure of the 
differentiation/translocation of external to inter- 
nal granule cells, and then by eventual death and 
reduction in number of granule cells. 

The interaction between Purkinje and granule 


cells have been discussed with cerebellar mutant 
animals [9]. 1) Weaver mice are classified as a 
mutant strain whose granule cells degenerate at an 
early developmental stage [36]. 2) No mutant 
animals whose granule cells are lost at a late stage 
of development have been found. 3) Pcd is a 
mutant strain of mice, in which the degeneration of 
Purkinje cells occurs at a late developmental stage 
[34]. 4) In the j/j Gunn rat, Purkinje cells de- 
generate at an early stage of development due to 
the secondary effect of inherited deficiency of 
BR:UDPGT activity. Among these mutant anim- 
als, the j/j rat is considered to be more important 
to study the interaction between Purkinje and 
granule cells in an early cerebellar development. 
In weaver mice with an autosomal incomplete 
dominant mutation, despite normal mitotic activity 
of germinal cells in the external granule cell layer, 
almost all the population of postmitotic granule 
cells fails to migrate and dies at the interface of the 
external granule cell and molecular layers before 
emitting their axons. Purkinje cells, however, 
exist in the underdeveloped cerebellum with no 
obvious abnormalities either in the size of cell 
bodies or in the shape of dendritic trees. Purkinje 
cells are able to form postsynaptic apparatus (de- 
ndritic spines) in an apparent absence of the 
presynaptic induction [9]. In fact, the electron 
microscopic feature that characterizes the weaver 
mouse cerebellum is the presence of innumerable 
dendritic spines similar to those normally arising 
from ‘spine branchlets’ at the tip of dendritic trees. 
Purkinje cells form synapses with two afferent 
systems, climbing and mossy fibers. Mossy fibers 
not only make synapses on their specific targets, 
but extend their terminal fields and establish 
synaptic connections with branchlet spines. A 
transient phase of multiple climbing fiber innerva- 
tions on a single Purkinje cell, which occur during 
an early stage of development in a one-to-one 
climbing fiber-Purkinje cell ratio, remains 
throughout life. The numerical mismatch in the 
weaver mouse suggests that the establishment of 
synaptic contacts between parallel fibers and Pur- 
kinje dendrites is necessary for maturation of the 
climbing fiber-Purkinje cell synapse. Although 
mossy fibers can not reach their normal targets, 
they are able to come into contact not only with 
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the branchlet spines of Purkinje cell dendrites, but 
also with basket and stellate cells. It is clearly 
shown that in the weaver mouse Purkinje cells 
survived and developed to a certain extent into 
common forms without interaction with granule 
cells. These results indicate that the intrinsic 
specificity of afferent-efferent coupling in the de- 
velopment of cerebellar circuitry can be overrid- 
den by a local cellular milieu. 

Pcd is an autosomal recessive mutation produc- 
ing death of Purkinje cells. The death occurs after 
synaptogenesis. There is a general agreement that 
cerebellar neurons initially affected are Purkinje 
cells though the mechanism is unknown [25]. De- 
veloped granule cells remain unaffected regardless 
of the absence of Purkinje cells throughout life. 
Studies on adult ped mice have made it possible to 
analyze the fate of presynaptic elements belonging 
to parallel fibers, which are deprived of their 
postsynaptic elements shortly after normal synap- 
togenesis. In the pcd cerebellum, the molecular 
layer contains bundles of parallel fibers bearing 
numerous presynaptic varicosities but free of post- 
synaptic partners. These observations indicate 
that developed granule cells are able to be alive 
and to maintain their morphology without connec- 
tion to Purkinje cells. 

No model animals whose granule cells degener- 
ate at a postsynaptic stage have been investigated 
yet. In such animals, Purkinje cells may probably 
keep their characteristic dendritic trees normal and 
the innervation of climbing and mossy fibers would 
newly appear. In this context the j/j Gunn rat, in 
which the degeneration of most Purkinje cells is 
observed just before synaptogenesis, may be a 
suitable model to study the interaction, the process 
of membrane recognition, and the regression of 
transient synapses between Purkinje and granule 
cells, and serve for understanding the mechanism 
of cerebellar development. 

During development of the cerebellum, cell-to- 
cell communications are mediated by various gly- 
coproteins. Many reviews which discussed the 
cerebellar development from a view point of pro- 
tein chemistry have been recently presented [37], 
but only a little attention is paid as to the develop- 
mental change of glycans. It is well known that 
many kinds of glycans appear during development 


of the central nervous system. The chemo-affinity 
hypothesis on intercellular recognition generally 
involves membrane-bound glycans, since they are 
the most peripheral component of cells. Zanetta et 
al. [38] show the emergence of concanavalin A- 
binding glycoproteins on newly formed parallel 
fibers. Initial observations have reported that the 
membrane of newly formed parallel fibers is rich in 
a specific class of glycoproteins that binds to con- 
canavalin A, and such glycoproteins disappear 
when synaptogenesis is completed in the cerebellar 
molecular layer. Dontenwill et al. [10] suggest that 
glycans located on the membrane of parallel fibers 
are entered into and digested in Purkinje cells with 
a concomitant and transient increase of a-D- 
mannosidase activity. Furthermore, immunohis- 
tochemical studies have shown that the enzyme is 
not located in the extracellular space but exclusive- 
ly in Purkinje cells, where lectin-like molecules are 
also detected. Our recent studies show that some 
lectins temporarily bind to Purkinje and/or gra- 
nule cells in the developmental stage (in prepara- 
tion). For instance, peanut agglutinin-binding 
glycans appear near the nucleus of migrating gra- 
nule cells and developing parallel fibers (Fig. 4A). 
Zanetta et al. [39] have hypothesized that both 
lectin-like molecules and glycans may be recogni- 


tion molecules allowing a specific contact between 
parallel fibers and Purkinje cells at the period of 
synaptogenesis. The lectin-like molecules are re- 
portedly localized not only in the plasma mem- 
brane and the endoplasmic reticulum, but also in 
endocytotic figures, coated vesicles and lysosomes. 
These molecules are likely to be membrane-bound 
receptors participating in the internalization of 
extracellular compounds that are digested in lyso- 
somes. This hypothesis are partly supported by the 
experiments [38] using chloroquine, a drug known 
to induce lysosomal dysfunctions. Mice treated by 
chloroquine show remarkable changes of Purkinje 
cells such as accumulation of grains consisting of 
membranous whorls in lysosomes at the time of 
synaptogenesis. These grains are stained with 
HRP-labeled Concanavalin A, but not with mar- 
kers of membrane of Purkinje cells. 

In-vitro experiments indicate that bilirubin 
affects the hepatic lysosomal membrane, and re- 
leases enzymes from the lysosomes [8]. Our pre- 


554 H. KEINO AnD S. KASHIWAMATA 


i Peat tan & iy 
POR: 2: vs * 


liminary experiments also showed the release of 
acid phosphatase from lysosomes separated from 
the cerebellum of young rats. Enzyme histoche- 
mical observations showed strong acid phospha- 
tase activity in normally developing Purkinje cells 
(Fig. 4B). The release of acid phosphatase from 
lysosomes into cytoplasm was observed not only in 
hepatocytes but also in Purkinje cells [20] in the j/j 
rat. It is known that bilirubin is transferred from 
the blood to the cerebellum in the suckling j/j rat 
[7]. Bilirubin may penetrate into Purkinje cells 
and attack the lysosomal membrane followed by 
the release of digestive enzymes from lysosomes. 
The disruption of lysosomes dysfunctions would 
impair the synaptogenesis of Purkinje cells result- 
ing in cerebellar hypoplasia in the j/j Gunn rat. 
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tances which may suppress sleep are sometimes 
INTRODUCTION 


The term sleep substances or sleep factors is 
collectively applied to those humoral factors that 
occur in the sleeper’s body and affect the state of 
vigilance. Since the state of vigilance is grossly 
divided into wakefulness, rapid-eye-movement 
(REM) sleep and non-REM sleep in higher ani- 
mals like avians and mammals, endogenous subs- 
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included in the category of sleep substances. By 
nature, most substances are characterized with 
their specific or nonspecific property to induce, 
enhance and/or maintain either non-REM sleep or 
REM sleep or both. 

Several researchers [7, 42, 80, 108, 250] pre- 
viously proposed definitions and criteria for an 
endogenous sleep-promoting substance. To date, 
however, it is rather recommendable to define 
sleep substances not too strictly to limit their 
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modalities into a certain frame, since the rapid 
growth of new knowledge in this special research 
field of brain science incessantly requires revisions 
of old ideas. 

In the present review article, the author will 
briefly overview the historical background and the 
state of the art on the investigations of sleep 
substances in general, and then outline the studies 
on the special brain tissue extract sleep-promoting 
substance (SPS) which have been carried out by 
the present author’s laboratory for the past twenty 
years. 


ENDOGENOUS SLEEP SUBSTANCES 


Research background 


The experimental search for an endogenous 
sleep substance originates from the classical stud- 
ies published by Ishimori in 1909 [101] and 
Legendre and Piéon in 1913 [145], who indepen- 
dently extracted a hypnogenic substance and a 
hypnotoxin, respectively, from the brain tissues, 
cerebrospinal fluid (CSF) and blood in sleep- 
deprived dogs. These substances or more correctly 
the extracts were dramatically capable of inducing 
sleep or sleep-like states in healthy awaking dogs. 
However, the endeavors by these pioneers and 
their followers were hardly evaluated and accepted 
by the contemporary sleep scientists because their 
studies were mainly based on non-objective 
observations [80, 122]. 

It was not until the beginning of 1960’s that the 
humoral aspects of sleep regulation were revisited 
by physiologists and biochemists with advanced 
techniques. By that time, two different states of 
sleep, i.e. non-REM sleep or slow wave sleep 
(SWS) and REM sleep or paradoxical sleep (PS), 
were well defined by means of electroencephalo- 
gram (EEG) and their differential functions were 
going to be recognized. 

In 1961 Kornmiiler et al. [126] suggested a 
possible presence of a blood-borne sleep hormone 
through their crossed circulation study in cats. 
Monnier and his associates [166] confirmed the 
presence of the sleep hormone in similar crossed 
circulation experiments in rabbits. They named 
the hormone delta-sleep-inducing factor [214] and 


initiated a time-consuming research project for 
isolating the factor from the dialysates of venous 
blood of sleeping rabbits [167]. In the late 1960’s, 
Pappenheimer and his coworkers also undertook a 
series of studies on extracting their factor S, which 
was initially found in the CSF of sleep-deprived 
goats [195], later in bovine and rabbit cerebral 
tissues [196], and finally in human urine [132]. In 
the early 1970’s, Uchizono and his associates in- 
cluding the present author attempted to extract 
SPS directly from the brain tissues of sleep- 
deprived rats [168]. It was proven several years 
later that SPS contains multiple active components 
[90, 246]. 


Identification and characterization of candidate 
substances 


The subsequent development of modern ideas 
and techniques between the late 1970’s and the 
early 1980’s yielded to each research team a suc- 
cess in isolating and identifying a few candidate 
substances derived from their original extracts. 
Eventually it was established that these sleep sub- 
stances play an important role in the physiological 
and pathophysiological regulation of sleep [8, 80]. 

In 1977, Monnier’s group finally identified a 
novel nonapeptide delta-sleep-inducing peptide 
(DSIP) from the hemodialysates containing the 
delta-sleep-inducing factor [215]. They successful- 
ly synthesized several DSIP analogs and compared 
their biological activities [216]. A phosphorylated 
analog P-DSIP was also known to occur endoge- 
nously [217] and elicit a five-fold higher potency to 
induce sleep in rats [95, 117]. Extensive studies 
revealed that DSIP and P-DSIP induce not only 
delta sleep, i.e. a deep state of non-REM sleep 
with a high EEG delta-wave activity, but also 
REM sleep in certain cases [47, 48, 80]. 

However, the somnogenic effect of DSIP is 
largely variable and depends on the dosage (as 
evidenced by a typical bell-shaped dose-response 
curve), the timing of administration and other 
various conditions [80, 95]. Such non-reproducible 
aspects arose controversies on their specific prop- 
erties. Putting all these factors together, 
Schoenenberger and his associates [35, 212, 213, 
217] developed a concept of “programming 
effects” of DSIP, implying that DSIP never pro- 
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duces an effect over normality. On the other hand, 
assuming that non-reproducible activities of DSIP 
are attributable to its structural instability [178], a 
number of synthetic analogs were prepared and 
tested for their somnogenic and other activities 
[47, 48, 80]. Some of these analogs are reproduc- 
ibly somnogenic in rats and rabbits [99, 127, 128]. 

DSIP also exerts multivariate physiological func- 
tions. so-called “extra-sleep” activities, such as 
thermoregulation [241, 242, 266], antinociception 
[173, 174, 218], antistressor effect [211, 229], cor- 
relation to hypothalamic [104, 146] and pituitary 
[102, 103, 185] hormone secretion, and so forth. 
Recently DSIP is known to be colocalized with 
certain neuropeptides such as luteinizing hormone- 
releasing hormone in neurons of the hypothalamo- 
hypophyseal region and possibly cosecreted with 
them [202, 252, 253]. This fact suggests a close 
relation of DSIP to neuroendocrine modulation. 
Numerous literature on various activities of DSIP 
was comprehensively reviewed up to the late 
1980’s [35, 47, 48, 80, 213] and up to 1992 [85]. 
DSIP has extensively been applied to clinical use 
for insomnia and psychosis [36, 55, 212] and to 
obstructive sleep apnea [6]. A recent review is 
available for antistress effects of DSIP [230]. 

In 1983, the present author’s research team 
identified one of the active components of SPS 
with uridine, a pyrimidine nucleoside [125]. Suc- 
ceedingly in 1990, another active component was 
identified with oxidized form of glutathione 
(GSSG) [123, 124]. As stated above, the present 
article in the following sections will exclusively be 
arranged to focus attention on these two compo- 
nents of SPS. The chronological progress in the 
SPS investigations can be traced by several pub- 
lications in the form of review articles [66, 68, 75, 
84, 86, 90, 100, 243-246] and monographs [76, 80]. 

In 1984, two kinds of muramyl peptides (MPs) 
such as a muramy]l tetrapeptide and its derivative 
tripeptide were finally identified from the urinary 
factor S [134, 151]. However, MPs are known to 
be constituents of bacterial peptidoglycans and not 
biosynthesized in the mammalian tissues [115]. 
Moreover, MPs induce a certain pathological state 
accompanied by an enhancement of non-REM 
sleep with elevated delta-wave amplitudes, a sup- 
pression of REM sleep and even fever in several 


mammalian species [93, 134, 139, 142]. Such 
symptoms closely resemble to the acute phase of 
the host defense response provoked by microbial 
challenge [237]. Indeed, an inoculation of not only 
bacteria [238-240] but also virus [121] acutely 
results in similar somnopyrogenic alternations in 
rabbits. Interestingly, infected animals develop a 
hyporesponsiveness or a tolerance against a second 
inoculation prior to recovery from diseases. This 
fact suggests that immune reactions are operative 
in synchrony with microbial infection-mediated 
sleep. Thus, the discovery of MPs as a sleep 
modulator brought forth a new concept of sleep 
function known as the immune theory of sleep 
[140, 141]. 

Apart from the orthodox search for an endoge- 
nous sleep substance, in the course of investigation 
on bromine intoxication in human patients, Yana- 
gisawa and Yoshikawa isolated a bromine com- 
pound in the CSF in 1968 [264] and identified it 
with /-methylheptyl-y-bromoacetoacetate (y-Br) in 
1973 [265]. Torii and his coworkers demonstrated 
that y-Br selectively induces REM sleep in en- 
céphale isolé [235] and normal [236] cats, and that 
plasma levels of this substance fluctuate in phase 
with REM sleep in cats and humans [187]. 


Overview on the state of the art 


The discovery of the above blood-, brain- or 
CSF-derived substances stimulated and encour- 
aged researchers to examine a sleep-modulatory 
activity of many other substances which were ever 
known for their specific extra-sleep biological activ- 
ities but never regarded as a sleep modulator 
before. Thus during the last decade, a number of 
bioactive factors came to be proposed as a candi- 
date of endogenous sleep substances. The chemi- 
cal nature of these hypnogenic compounds is so 
diverse that it covers a wide variety of body 
constituents [8, 80, 82]. 

Hayaishi and his associates found a potent sleep- 
inducing and sleep-suppressive effect of prosta- 
glandin (PG) D> in 1982 [247] and PGE) in 1988 
[152], respectively, in restrained rats. Their 
findings were confirmed by the subsequent studies 
performed at the present author’s laboratory in 
unrestrained rats [93, 153-155, 247-249]. PGD, 
and PGE, are also active in rhesus monkeys [189, 
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190]. However, PGD> fails to induce sleep in 
rabbits [133]. Nonspecific and specific synthesis 
inhibitors of PGD. suppress sleep in rats [172] and 
monkeys [156]. Comprehensive reviews are avail- 
able for further details of the sleep-modulatory 
activities of PGs [53, 54]. 

Radulovacki and his coworkers [203, 205, 256] 
extensively studied the hypnogenic activity of a 
naturally occurring purine nucleoside adenosine. 
They found that adenosine decreases wakefulness 
and increases total sleep, especially deep non- 
REM sleep, in rats. They further demonstrated 
that the action of adenosine is mediated by the 
stimulation of adenosine A, receptor [204], and 
that adenosine elicits its hypnotic action through 
the A, receptor in the hypothalamic preoptic area 
in rats [232]. 

Krueger and his research team demonstrated 
that the somnogenic MPs mediate the production 
of cytokines such as interferon, interleukin-1 (IL-1) 
and tumor necrosis factor, which in turn induce an 
enhancement of non-REM sleep, a suppression of 
REM sleep and fever [131]. Such MP-mediated 
and cytokine-induced changes in the state of vigi- 
lance are characteristic of the host defense re- 
sponse observable after microbial infections. 
Thus, a pathophysiological mechanism involved in 
this special phenomenon has been largely un- 
veiled. Extensive reviews are available on these 
topics [135-138, 191]. 

Several hypothalamic and hypophyseal hor- 
mones are known to exhibit a considerable mod- 
ulatory influence on physiological sleep [8, 80, 85]. 
It was reported that growth hormone-releasing 
hormone [33, 177, 181, 222], growth hormone [30, 
162, 227], corticotropin-releasing hormone [10, 33, 
149, 176], corticotropin (ACTH) [10, 37] and its 
metabolites like desacetyl-a-melanophore-stimulat- 
ing hormone (des-aMSH, ACTH,_73) and corti- 
cotropin-like intermediate lobe peptide (CLIP, 
ACTH) g_39) (12-14, 110], aMSH [192] and 
ACTH,_» fragment [51], thyrotropin-releasing 
hormone [52, 231], thyrotropin [44], somatostatin 
[17, 18, 52, 207, 231] and prolactin [179, 251] exert 
an influence on the state of vigilance in several 
mammalian species. These hormones seem to be 
nonspecifically associated with the modulation of 
sleep and wakefulness, serving as a_ possible 


neuroendocrine transducer associated with endo- 
crine and behavioral activities [85]. 

Nicolaidis and his disciples claimed that nutri- 
ents [19], insulin [17, 18, 20] and satiety-inducing 
or anorectic substances such as cholecystokinine 
[22, 25, 113], vasoactive intestinal polypeptide 
(VIP) [18], bombesin [23, 26] and acidic fibroblast 
growth factor [24] exert a transient increase in 
sleep shortly after feeding. These substances seem 
to manifest an ischymetric and/or postprandial 
somnogenic functions. There are several other 
substances like arginine vasotocin (AVT) [197, 
198] and arginine vasopressin (AVP) [4, 9] which 
are assumed to modify sleep and wakefulness by 
acting directly or indirectly on the central nervous 
system. AVT is supposed to inhibit brain matura- 
tion through a suppression of active sleep in infan- 
tile animals [45], but its role in the sleep regulation 
is still controversially debated [161, 233]. VIP [46] 
and AVP [4] are possibly involved in the modula- 
tion of the circadian rhythm of sleep and wakeful- 
ness. These peptides may also serve as a REM 
sleep factor [29]. For further details, a recent 
review is available [85, 180]. 

From a comparative viewpoint, an amine piper- 
idine is of special interest. Piperidine is distributed 
as a normal constituent of the brain in both 
vertebrates and invertebrates, and it mimics the 
actions of acetylcholine [40]. The brain concentra- 
tions of piperidine fluctuate in phase with dorman- 
cy or hibernation in mice [224] and in snails [28]. 
The brain contents are also influenced by anesthe- 
sia or REM sleep deprivation in rats [186]. Miyata 
et al. [165] first demonstrated an enhancement of 
sleep after microinjection of piperidine into the 
brain of cats. It is also phylogenetically interesting 
that a pineal hormone melatonin is a potent sleep 
inducer in avian species [56, 201] in contrast with 
its modest effects on mammals [16, 147, 163]. In 
addition, it should be noted here that DSIP [77, 
94, 188] and uridine [77, 94] modify swimming 
activity in fish and that uridine affects nocturnal 
locomotor activity in rhinoceros beetles [77, 94]. 
These facts may indicate a possible involvement of 
sleep substances as a modulator of rest and activity 
in the evolutionary course of circadian time- 
keeping mechanisms [77, 80]. 

It should be noted here that a benzodiazepine 
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such as nordiazepam is known to exist in mamma- 
lian brains which are freed from contamination of 
synthetic benzodiazepines, one of the most popu- 
lar hypnotics (209). Thus, it is suggested that 
benzodiazepines are endogenously biosynsthesized 
in the brain and participate in the physiological 
regulation of the state of vigilance (105). 

A collective monograph [80] and a detailed 
review article [8] are recommended for the further 
knowledge on the chronological development and 
overview on this rapidly growing field up to 1988. 


EXTRACTION AND BIOASSAY OF SPS 


Extraction, isolation and identification 


Among a large number of endogenous sub- 
stances described as a candidate for a sleep 
promoter, SPS is one of a few materials that were 
isolated and identified directly from body tissues or 
fluid (see above). For preparing the raw materials 
of SPS, rats were deprived of total sleep for 24 hr 
by a special automatic device system which was 
originally manufactured by the present author’s 
laboratory [72, 86]. The brainstems of the sleep- 
deprived rats including the hypothalamus, mid- 
brain, pons and medulla oblongata were removed 
under ice cooling and homogenized with and 
dialyzed against distilled water [125, 168]. 

SPS was extracted from the water dialysates 
through five steps of cation exchange column chro- 
matography over SP Sephadex, gel filtration over 
Sephadex G10, SP Sephadex and high-perfor- 
mance liquid chromatography (HPLC) [125]. At 
each step, a number of fractions were assayed for 
their sleep-promoting potency by several double- 
blind screening techniques [86], especially by the 
long-term intracerebroventricular (icv) infusion 
technique (see below) in unrestrained rats. 

The brainstem extracts from 24-hr sleep- 
deprived rats but not from untreated rats elicited a 
dramatic enhancement of both non-REM sleep 
and REM sleep in recipient rats [58, 244] and mice 
{170, 244]. Partially purified SPS included at least 
four active components [90, 123, 246], two of 
which were finally identified with uridine [125] and 
GSSG [123, 124] as described above. Final iden- 
tification of uridine was done by preparative 


HPLC along with mass and ultraviolet spectros- 
copy [125], and that of GSSG by reverse-phase 
preparative HPLC and analytical HPLC [123]. 
Final yield of uridine and GSSG was 2.9 mg from 
brainstems of ca. 5000 rats and 0.9 mg from 470 
brainstem equivalents, respectively. 


Bioassay 


In order to quantify the somnogenic activity of 
sleep substances in unrestrained rats, the present 
author’s research team originally developed a 
bioassay system called the long-term nocturnal 
intracerebroventricular infusion assay [75, 80, 90]. 
This technique enables to administer a small 
amount of sample solutions continuously into the 
third cerebral ventricle of freely behaving male 
rats at an extremely slow rate [58, 90]. EEG, 
electromyogram (EMG), brain temperature (Tbr), 
locomotor activity and drinking behavior are 
simultaneously monitored for several weeks and 
processed by a computer-aided device system for 
statistical analyses [59]. 

Male rats of the Sprague-Dawley strain were 
used throughout the assay study. Animals were 
kept on a 12-hr light and 12-hr dark schedule in a 
constant air-conditioned environment of 25+1°C 
and 60+6% relative humidity with free access to 
rat chow and water. At the age of 60-70 days, rats 
were implanted with a cannula in the third cerebral 
ventricle for continuous icv infusion, 3 cortical 
EEG and 2 nuchal EMG electrodes, and a tha- 
lamic thermistor for measuring Tbr. The surgeries 
were done according to the techniques described 
elsewhere [58]. Rats were then placed in a special 
cage for bioassay [57]. The external end of the 
cannula was connected via a thin polyethylene 
tubing to an infusion pump which continuously 
flowed out either a vehicle (saline) or solution of 
sleep substances dissolved in saline at a rate of 10 
or 20 wl/hr. A cannular feed-through slip ring, 
inserted in between the lead wires for EEG, EMG 
and Tbr along with the infusion tubing, and placed 
above the rat cage, guaranteed free movements to 
the animals. Polygraphic recordings of EEG, 
EMG and Tbr were done under continuous icv 
infusion of a physiological saline solution. It is 
established that continuous icv infusion per se does 
not affect the night-active pattern of circadian 
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rest-activity rhythm in rats [88]. 

After more than one week of recovery from 
surgery and acclimatization to icv infusion, a 4-day 
assay was conducted under continuous recordings 
of EEG, EMG and Tbr along with continuous icv 
infusion: day 1 as baseline starting at the onset of 
the light period, day 2 as experiment when the 
saline infusion was replaced by an infusion of a 
sample solution during either a diurnal or a noctur- 
nal 10-hr period, and days 3 and 4 as recovery 
when saline was icv infused as before. On the basis 
of polygraphic records of EEG and EMG, the 
state of vigilance was classified into non-REM 
sleep, REM sleep and wakefulness according to 
our routinized criteria [59]. 


SLEEP REGULATION BY URIDINE 


Characteristics of uridine 


Uridine is a natural pyrimidine nucleoside wide- 
ly distributed in the organism as a constituent of 
RNA and characterized by having a barbiturate 
ring in its structure. From the results of the 
isolation studies of SPS, it is indicated that the 
content of uridine in the brainstems of sleep- 
deprived rats varies from 4 to 10 nmol/brainstem 
[125]. The levels of uridine are in the range from 
1.7 to 4.1 nmol/ml for plasma and from 3.7 to 9.4 
nmol/ml for serum, and the levels are not affected 
by food deprivation in normal rats [114]. El Kouni 
et al. [34] found a definite circadian rhythm in the 
activity of hepatic uridine phosphorylase and plas- 
ma concentration of uridine in mice. 

Exogenously administered uridine is known to 
exert some pharmacological actions, such as anti- 
convulsant activity in mice [31], a depression of 
spontaneous activity in rhinoceros beetles [77, 94], 
fish [77, 94] and mice [129, 260], an enhancement 
of pentobarbital-induced narcosis in mice [260], 
hypothermia in mice and rats [200] and hyperther- 
mia in humans [255] and rabbits [15], an improve- 
ment of cerebral electrical parameters in human 
patients with chronic cerebrovascular disease 
[148], an enhancement of cytotoxicity by D- 
glucosamine in rat glioma cells [11], and detoxifica- 
tion of certain drugs like 5-fluorouracil in humans 
[255] and in mice [21, 150]. 


It is reported that the incorporation of uridine 
into brain tissues in vivo [112] and brain RNA in 
vitro [269] increases after short-term training ex- 
perience of avoidance learning in mice. It is also 
reported that the incorporation of uridine into 
brain or brainstem RNA is inhibited by the pres- 
ence of ACTH and its analog ACTH, _2, in rats 
and mice [43, 106]. Since ACTH induces an 
enhancement of wakefulness (see above) and con- 
currently stress, it is speculated that reduced sleep 
caused by ACTH is potentiated by the shortage of 
uridine and eventually by the blockade of its 
somnogenic activity [80]. 


Somnogenic activities 


As summarized in Table 1, the nocturnal admin- 
istration of uridine at a dose as small as 10 pmol 
elicits a mild but significant enhancement of both 
non-REM sleep and REM sleep without affecting 
Tbr [67, 89, 93]. The enhancement of each kind of 
sleep is mainly due to an increase in the number of 
corresponding episodes (designated as frequency) 
but not to a prolongation of their duration (Table 
1). Doses lower and higher than 10 pmol exert 
little somnogenic activity. Thus, the dose-response 
relationship exhibits a bell-shaped curve for the 
total time and frequency of both non-REM sleep 
and REM sleep. 

The somnogenic effect of uridine is characte- 
rized by its long-lasting action. During the first 
recovery night, almost similar increases in non- 
REM sleep and REM sleep are observable 
although the changes are statistically insignificant 
[67]. Amounts of sleep and other parameters 
during the light period remain stable throughout 
the 4 consecutive days. 

It is noteworthy that the dose of 10 pmol/10 hr is 
the smallest dosage sufficient to induce a signi- 
ficant increase in sleep, so far as the long-term icv 
infusion assay in unrestrained rats has detected up 
to now. This value implies that exogenously 
supplied uridine is liberated into the CSF at a rate 
of 17fmol/min. This figure is 3.6-, 200- and 250- 
fold smaller than that of PGD,, MDP and DSIP, 
respectively [80]. 


Circadian variations of efficacy 


In contrast to nocturnal administration of uri- 
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TABLE 1. 
parameters in male rats (mean+SE) 


Les) 


Effects of nocturnally and diurnally icv infused uridine on percent changes in sleep 


Dose non-REM sleep (%) REM sleep (%) 
(pmol) Total time Frequency Duration Total time Frequency Duration 
Nocturnal infusion* 

1 6 101+ 8 Dae 7/ 102+11 99+18 104+18 Ose 3 
10 8 iMilse 3s Witse 7/ 104+ 5 NW 2ae 2D 139+20* 106+ 16 
100 5 109+ 7 LOSE = ay 101+ 9 War 7/ Spae 7/ 108+ 5 

1000 5 117+10 114+16 116+ 9 116+11 116+16 101+ 4 
Diurnal infusion‘ 

1 7 106+ 5 97+ 5 110+ 8 109+ 14 94+11 120+11 
10 8 106+ 4 122+12 90+ 6 101+ 4 lisse § 91+ 4 
100 5 LO Ets 98+ 8 105+ 7 114+ 16 106+ 15 107+ 7 

1000 5 93+ 6 116+ 9 82+11 105+ 9 108 + 12 99+ 6 


* Data in the 12-hr dark period were compared to those of the previous nighttime. 
° Data in the 12-hr light period were compared to those of the previous daytime. 
* P<0.05, ** P<0.01 Significantly different from the corresponding baseline values (Student’s t-test). 


dine [67, 89, 93], a 10-hr diurnal icv infusion of the 
same dose of uridine causes little sleep-modulatory 
effect [89, 92] (Table 1). Radulovacki and his 
coworkers [203, 205] also found no somnogenic 
effect of uridine at higher doses of 1 to 100 nmol 
during a 6-hr diurnal recording period following an 
acute icv injection in rats. These facts indicate that 
the sleep-promoting activity of uridine depends on 
the time of day. Similar ineffectiveness is observ- 
able after diurnal icv infusion of DSIP and PGD>, 
in rats [92]. Such a circadian variation of efficacy is 
still clearly manifested by the experimental results 
that an intraperitoneal (ip) injection of uridine at 
different times of day brings about a differential 
sleep-modulatory effect in rats [69]. 

In this connection, Meltzer and Serpa [160] and 
Edgar et al. [32] reported that diurnal ineffective- 
ness is also observable in the hypnotic effects of 
two benzodiazepine hypnotics like triazolam and 
flurazepam in rats. Opp et al. [193] demonstrated a 
time-of-day dependency in the somnopyrogenic 
activities of IL-1 in rats. 


Related nucleosides 


Using the long-term icv infusion technique in 
unrestrained rats, the present author’s research 
team also examined somnogenic activity of various 
doses of uridine-related nucleosides such as uracil 
[61], two synthetic uracil analogs [60], a synthetic 


uridine analog N*-benzyluridine, and purine and 
pyrimidine nucleosides [62, 68, 79, 97] Among 
them, deoxyuridine [68, 97] at 100 pmol and deox- 
ycytidine [171, 208] at 10 pmol significantly en- 
hanced nocturnal amount of non-REM sleep and 
REM sleep, respectively. 

It should be noted here that N°-benzyluridine is 
hypnotic in mice [260], and that adenosine induces 
an increase in sleep in rats [203, 205, 210] and cats 
[223], although considerably high pharmacological 
doses are required for these substances. Interest- 
ingly, a nucleoside-transport inhibitor mioflazine 
decreases wakefulness and increases non-REM 
sleep in dogs [258, 259] and humans [70], indicat- 
ing that an accumulation of nucleosides in tissue is 
responsible for an enhancement of sleep [254]. 


Interactions with other sleep substances 


As described above, DSIP and MPs are sub- 
stances isolated directly from the body fluids of 
sleeping or sleepy organisms. If these substances 
actually participate in the regulation of sleep, what 
an interrelation exists between uridine and them? 
Hence a 10-hr nocturnal icv infusion of uridine was 
conducted in combination with DSIP or muramyl 
dipeptide (MDP), a simplest synthetic analog of 
MPs, or both in rats [79, 95, 96, 116]. The results 
of simultaneous administration are quite compli- 
cated and different both in time course and in 
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magnitude from the individual effect of each sub- 
stance or from the simple summation of the indi- 
vidual effect of two or three substances. Thus, it 
seems likely that co-existence of multiple sleep 
substances brings about a certain combination- 
dependent modulation of sleep [78, 79, 98]. 

The effect of sequential administration of uri- 
dine and MDP was also examined in rats: a 5-hr 
nocturnal icv infusion of one substance followed by 
a 5-hr nocturnal icv infusion of another one. Such 
a temporal sequence results in a significant se- 
quence order-dependent modulation of sleep, 
which is quite different from the time-course sleep 
promotion induced by the single or combined 
administration of each substance [95, 96, 119, 120]. 
Namely, the pretreatment of uridine enhanced the 
somnogenic activity of MDP, whereas the pre- 
treatment of MDP canceled the effect of uridine. 
The results suggest that the preceding sleep- 
modulatory activity of a sleep substance may affect 
the succeeding activity of another substance [98]. 


Cerebral sites of action: lesion studies 


It is well known that sleep is regulated by the 
neural components which are located in the basal 
forebrain [108, 158] and various regions of the 
brainstem [158, 225]. On the basis of transsection 
studies in rats, the preoptic area (POA) has been 
proposed as a sleep center [175]. Electrical stim- 
ulation of the POA may result in sleep in cats 
[226], whereas electrolytic lesions of this area 
cause a disturbance of sleep [157]. Microwave 
lesions of medial POA result in alternations in the 
circadian distributions of sleep and wakefulness in 
rats [5]. Microinjection of sleep substances such as 
PGD, and a MP induces sleep in rats [247] and 
rabbits [39], respectively. Neuronal activities of 
the POA are modulated by local application of 
PGD, and SPS [73, 74] (see below). In addition, 
time-course variations of sleep and wakefulness 
are known to be under the control of the circadian 
clock system, i.e. the suprachiasmatic nucleus [71]. 
Thus the dynamic interplay of the two major 
systems, the neural system and the humoral sys- 
tem, in the brain is responsible for the regulation 
of sleep and wakefulness. Endogenous sleep sub- 
stances appear to modulate neuronal and metabol- 
ic activities of the neural system as a messenger of 


the humoral system [80]. However, the interrela- 
tionship between the two systems are not fully 
investigated through experimental approaches. 
Hence an attempt was done to analyze the effect of 
lesions of the lateral preoptic area (LPOA) on the 
sleep-promoting activity of uridine in rats [96, 116, 
120]. 

The sleep-modulatory activity of uridine alone 
or in combination with MDP was compared before 
and after the localized bilateral lesions of the 
LPOA. In rats with the intact LPOA, a 10-hr 
nocturnal icv infusion of uridine alone slightly 
enhances both non-REM sleep and REM sleep 
without affecting Tbr. Administration of MDP 
alone markedly enhances non-REM sleep and 
slightly suppresses REM sleep, simultaneously in- 
ducing an increase in Tbr. Combined infusion of 
the two substances causes a marked increase in 
non-REM sleep, REM sleep and Tbr, which are 
largely in accord with those of previous studies [67, 
93, 116]. 

The localized LPOA lesions per se exerts no 
remarkable alternation in amount of nocturnal 
sleep. Interestingly, in these lesioned rats uridine 
entirely fails to enhance non-REM sleep but its 
effects on REM sleep and Tbr remain unchanged. 
In contrast, MDP still elicits the same effects on 
non-REM sleep and REM sleep as observed under 
the LPOA-intact condition, and causes a little 
larger increase in Tbr. Combined infusion of 
uridine and MDP induces the effects on non-REM 
sleep and REM sleep similar to those induced 
under the LPOA-intact condition, and causes a 
dramatic increase in Tbr. 

All these results suggest that the LPOA is 
required by uridine as an essential site for the 
enhancement of non-REM sleep but not for that of 
REM sleep. Thus the somnogenic effects of uri- 
dine on non-REM sleep and REM sleep are sepa- 
rately generated. Presumably the REM sleep- 
enhancing activity of uridine may be evoked by the 
lower region of the brain such as the pons, since it 
is reported that the action of cholinergic influence 
on the induction of REM sleep is mediated by 
GABAergic input to the locus coeruleus [2] and 
that uridine may facilitate GABAergic neuronal 
activity [262]. 

The above findings also suggest that the LPOA 
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is not essentially required by MDP for its non- temperature-modulatory activities of each sub- 
REM sleep-enhancing, REM sleep-suppressing stance become separable after the LPOA lesions 
and pyrogenic activities. This assumption is sub- even if both substances are simultaneously 
stantiated by the facts that MPs induce the release administered. 

of IL-1 [130] which may act on other sites than the 
POA for its somnogenic and pyrogenic properties 
[257], and that MDP and IL-1 injected into the Inokuchi and Oomura [73, 74] examined the 
aqueduct of Sylvius in rabbits may induce non- effects of electrophoretically applied uridine on 
REM sleep-enhancing, REM sleep-suppressing neuronal activity in the POA and the posterior 
and pyrogenic activities, although the exact som- hypothalamic area (PHA) in rats. Uridine excites 
nogenic sites of action for these substances remain _and inhibits, respectively, 14 and 13% of tested 70 
unknown [257]. With respect to the interaction neurons in the POA. The excitatory effect of 
between uridine and MDP [94, 95, 119], the results glutamate (Glu) is blocked or attenuated for a long 
of these lesion experiments suggest that the LPOA _ period by the concurrent application of uridine in 
may be involved in it, since the somnogenic and 32% of the 28 neurons. The inhibitory effect of 


Modulation of neuronal activities 
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Fic. 1. Complimentary, reciprocal sleep-modulatory actions of uridine and glutathione at the synaptic neurotrans- 
mission sites in the brain. Uridine facilitates y-aminobutylic acid (GABA)-mediated neurotransmission by 
binding the postsynaptic GABA receptor (GABA-R) as well as the uridine receptor in the GABAergic neuronal 
system. Similar actions can be induced by several benzodiazepine (BDZ)-receptor agonists at the same receptor 
complex. Astrocytes may contribute to the turnover of GABA. In contrast, oxidized glutathione (GSSG) and 
reduced glutathione (GSH) inhibit the binding of glutamate (Glu) at the postsynaptic Glu receptor which belongs 
to the receptor complex of excitatory amino acids like N-methyl-D-aspartate (NMDA). Similar actions can be 
incuced by several Glu-receptor antagonists at the same receptor complex. Astrocytes may contribute to the 
supply of GSSG and GSH as well as the turnover of Glu to glutamine (Gln) by glutamine synthase (GS). Glu is 
biosynthesized by glutaminase (GT) from Gln. The NMDA and/or non-NMDA treceptor-mediated enhance- 
ment of neuronal activity causes an elevation of vigilance level, i.e. wakefulness. Either the activation of the 
GABAergic neuronal system or the inhibition of the glutamatergic neuronal system eventually induces natural 
sleep, both non-rapid eye-movement (non-REM) sleep and REM sleep. (Drawing by Kazuki Honda) 
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noradrenaline (NA) in uridine-responsive 25 
neurons is attenuated, blocked or reversed by the 
concurrent application of uridine in 28% of them. 
The effect of acetylcholine (Ach), either enhance- 
ment or blockade of excitation, is modified the 
concurrent application of uridine in 21% of the 33 
neurons. Similar modulatory activity of uridine 
are observable in the PHA, but the occurrence is 
slightly less frequent. It is concluded that uridine 
modulates neurotransmission of Glu, NA and Ach 
in the POA, and that this modulation might be 
through a metabolic process, since it takes a con- 
siderably long time to recover the original excita- 


bility after the application of uridine. 

In this connection, it should be noted that 
uridine affect neuronal activity in an invertebrate 
species, the crayfish. During the course of screen- 
ing of SPS fractions, Nagasaki et al. [169] and 
Uchizono et al. [243] found that an active fraction 
of the crude SPS, which corresponds to the uri- 
dine-containing fraction, elicits a marked inhibi- 
tory effect on the firing activity of isolated abdom- 
inal ganglion and stretch receptor of the crayfish. 
Ozaki et al. [194] and Obara and Ogura [182] 
further found that uridine causes either a rapid 
short-term suppression or a slow long-term sup- 
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Fic. 2. 


Complimentary, reciprocal sleep-modulatory action of uridine and glutathione, the two components of 


sleep-promoting substance (SPS), in the brain. SPS is extracted from the brainstems of sleep-deprived rats and 
contains four active components. Uridine facilitates GABA-mediated neurotransmission by binding the BAGA, 
receptor and uridine receptor. GSH and GSSG inhibit Glu-mediated neurotransmission at the Glu receptor. 
Such differential modulations of neurotransmission by the two substances eventually suppress wakefulness and 
induce both non-REM sleep and REM sleep. During sleep, brain functions like neuronal restitution and deletion 
of shortly acquired memory are promoted by an elevated activity of the GABAergic system on one hand, and 
brain functions like learning and memory acquisition along with resultant hyperfunctions which sometimes cause 
neuronal intoxication and death are suppressed by a lowerd activity of the glutamatergic system on the other. It is 
emphasized that glutathione plays a role in the process of neuronal detoxification. For further explanations and 


abbreviations, see the legend of Figure 1. 
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pression of firing activity in the crayfish stretch 
receptor in vitro. 


Possible mechanisms 


The blood level of uridine exhibits a definite 
circadian rhythm with the peak in the light period 
and the trough in the dark period in mice [34], 
which is exactly in phase with the time-course of 
the rest-activity rhythm of this species. Uridine 
requires the LPOA for its enhancement of non- 
REM sleep and modulates the firing activity of 
hypothalamic neurons in a wide variety of neuro- 
transmitter systems including cholinergic, 
GABAergic, glutamatergic and noradrenergic sys- 
tems in rats (see above). Further, uridine has an 
affinity to GABA,s receptor binding sites in rat 
[49, 50] and bovine [118, 262] synaptic membranes 
in vivo and in vitro. Furthermore, Yamamoto et 
al. [263] recently demonstrated that uridine pos- 
sibly has its proper receptor coupled with the 
GABA-benzodiazepine-adenosine receptor-chlo- 
ride channel complex. 

On the basis of these findings, the present 
author’s research team proposed that the sleep- 
promoting activity of uridine is caused through its 
facilitative modulation on the GABAergic neuro- 
transmission in the brain [66, 82, 83, 95] (Fig. 1, 
left). The activation of GABAergic system even- 


TABLE 2. 
male rats (mean+SE) 


tually results in the induction of natural sleep, both 
non-REM sleep and REM sleep, which may in 
turn provoke conditions relevant to several brain 
functions such as restitution at the cellular level 
and amnesia at the psychological level (Fig. 2). 


SLEEP REGULATION BY GLUTATHIONE 


Characteristics of glutathione 


Glutathione has two different forms, oxidized 
glutathione (GSSG) as a hexapeptide and reduced 
glutathione (GSH) as a tripeptide. GSSG is en- 
zymatically convertible to GSH and vice versa 
[270]. Both forms of glutathione are widely distri- 
buted in mammalian tissues including the central 
nervous system [159]. In the brain, GSSG and 
GSH are detectable in the cerebral cortex, cerebel- 
lum, brainstem and CSF [38, 220]. GSH levels in 
the rat cerebrum and cerebellum depend on aging, 
i.e. high in adults while low in infants [144]. 
Concentrations of GSH but not GSSG are de- 
creased in the substantia nigra of patients with 
Parkinson’s disease [221]. Glutathione is localized 
in glial cells along with neuronal axons and termi- 
nals [219]. In cultured cells, glutathione is present 
in high concentrations in astrocytes but not in 
neurons [206] and biosynthesized in astrocytes 


Effects of nocturnally icv infused glutathione on percent changes* in sleep parameters in 


Dose non-REM sleep (%) REM sleep (%) 

(nmol) Z Total time Frequency Duration Total time Frequency Duration 
Oxidized glutathione (GSSG) 

10 - 108+7 94+ 4 117+10 112+16 125-5 91+14 
20 5 118+4** 96-27 125+ 6 106+ 10 lil/ae 7 89+ 4 
25 5 1352-8 oee mp LOLSG 1372-12 186+27* 163 +18 * 115+12 
50 5 In EES)< ive 5) 123-1209 109 +10 Bae 5) 118+ 8 
100 4 108+6 113+10 Wyse & 113+28 112+26 Sijse 7 
Reduced glutathione (GSH) 

10 5 102+2 gee 7/ 103+11 113+21 118+26 100+ 8 
25 7 116+3* 112+10 109 + 10 121+13 (iksjae © 103+ 8 
50 6 121A 100+ 7 120+ 7 120+ 6 110+ 7 113+10 
100 7 111+8 99+ 4 114+ 5. 118+15 106+11 108+ 6 


= Data in the 12-hr dark period were compared to those of the previous nighttime. 
* P<0.05, ** P<0.01, *** P<0.001 Significantly different from the corresponding baseline values 


(Student’s t-test). 
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[268]. 

The biological functions of glutathione are very 
diverse and cover research subjects of “enzyme 
mechanisms, biosynthesis of macromolecules, in- 
termediary metabolism, drug metabolism, radia- 
tion, cancer, oxygen toxicity, transport, immune 
phenomena, endocrinology, environmental toxins, 
and aging” [159]. It is well-known that the most 
outstanding property of glutathione is protection 
against oxidative stress at the cellular level. Simi- 
lar to DSIP, GSH and GSSG have a potent 
antinociceptive activity [143]. 


Somnogenic activity 


As summarized in Table 2, a 10-hr nocturnal icv 
infusion of GSSG significantly enhances non-REM 
sleep at the dosage range from 20 to 50 nmol and 
REM sleep at a dose of 25 nmol [62, 64-66, 91]. 
The administration of 25 nmol results in the most 
dramatic increase in both non-REM sleep and 
REM sleep. Doses lower and higher than 25 nmol 
exert less somnogenic activity. Thus, the dose- 
response relationship in the range from 10 to 100 
nmol exhibits a bell-shaped curve for the total time 
and duration of non-REM sleep and for the total 
time and frequency of REM sleep. 

Responses of non-REM sleep and REM sleep to 
25 nmol GSSG are differential, since the enhance- 
ment of non-REM sleep and REM sleep is mainly 
due to an increase in a prolongation of episode 
duration and the number of episodes, respectively 
(Table 2). The prolonged duration of non-REM 
sleep episodes in the dark period is statistically not 
different from the duration observable in the light 
period. This fact indicates that nocturnally admi- 
nistered GSSG brings about natural non-REM 
sleep as occurring in daytime, i.e. the resting phase 
of the rat. The nocturnal amount of non-REM 
sleep is still higher than the baseline level in the 
first recovery night but it returns to the level in the 
second recovery night. 

Since glutathione is known to exist in mamma- 
lian brain mostly in the form of GSH [38, 159, 220] 
and GSH is easily converted into GSSG by a 
peroxidase [270], the sleep-modulatory activity of 
GSH was examined by the same experimental 
procedures [64-66, 91]. It was found that GSH 
also exhibits non-REM sleep-enhancements at the 


dosage range from 25 to 50 nmol and an insigni- 
ficant increase in REM sleep (Table 2). The 
dose-response relation is thus bell-shaped for the 
non-REM sleep-enhancing activity, in which the 
maximal effect is induced by 50 nmol GSH. Since 
GSH is structurally a half part of GSSG, it is 
reasonable that a two-fold dose is required for the 
somnogenicity of GSH equivalent to that of 
GSSG. 


Effects on brain temperature 


Circadian pattern of Tbr is little affected by the 
administration of GSSG at 25 nmol [65, 66]. Tbr 
exhibits little change except for a transient reduc- 
tion from the baseline level in the former half of 
the GSSG infusion period, but it increases signif- 
icantly by 0.38°C in the latter half of the infusion 
period. Tbr returns to the baseline level thereafter 
with some fluctuations from the baseline. Since no 
pyrogenic activity of GSSG per se is known, the 
Tbr modulation is ascribed to a secondary reaction 
of the thermoregulatory system in the brain. 


Possible mechanisms 


Recently, there are an increasing number of 
reports on the central action of glutathione. Ogita 
et al. [183, 184, 267] suggested that GSH and 
possibly GSSG have a binding site in the excitatory 
synaptic membrane of rat glutamatergic neurons 
and exert an inhibitory action on glutamatergic 
neurotransmission. Gilbert et al. [41] demon- 
strated that GSSG but not GSH inhibits the redox 
regulation of the N-methyl-D-aspartate (NMDA) 
receptor in cultured rat forebrain neurons. In- 
terestingly, vitamin Bj. (methylcobalamine) also 
exerts a potent somnogenic activity during a 10-hr 
nocturnal icv infusion in rats [87] and this sub- 
stance similarly inhibits biosynthesis of glutamic 
acid at the excitatory synaptic membrane (A. 
Akaike, unpublished). Thus, it seems likely that a 
blockade of glutamic acid-mediated neurotrans- 
mission may eventually result in an enhancement 
of sleep. 

Taking together, the present author’s research 
team proposed that the sleep-enhancing activity of 
GSSG and GSH is caused by their negative mod- 
ulation on the glutamatergic neurotransmission in 
the brain [62-64, 83, 91] (Fig. 1, right). This 
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speculation is substantiated by the facts that the 
administration of NMDA and non-NMDA recep- 
tor antagonists such as DL-2-amino-5-phosphono- 
pentanoic acid (APV), 6-cyano-7-nitroquinoxa- 
line-2,3-dione (CNQX) and miruzole increases 
sleep in cats [111] and rats [3, 228]. This specula- 
tion is also consistent with the reports that the 
release of glutamic acid in the cat brain changes in 
association with arousal and sleep [107], that a 
larger quantity of glutamate exists in short-sleeper 
mice than in long-sleeper mice [27], and that the 
number of glutamate receptors in the rat forebrain 
is higher in wakefulness than in sleep [234]. 

The present author [92] further proposes that 
glutathione contributes to the detoxification of 
neurons in synchrony with sleep, during which 
positive brain functions like learning and memory 
acquisition and resultant hyperfunctions some- 
times causing neuronal intoxication and death are 
suppressed by a lowered activity of the gluta- 
matergic neuronal system (Fig. 2). Hence sleep at 
the behavioral level is a process of neuronal detox- 
ification at the cellular level. Indeed, it is sug- 
gested that GSSG as well as GSH appear to play 
an important role in protecting against glutamate 
toxicity in neurons [164]. In addition, if cultured 
rat cortical neurons are exposed to a neurotoxic 
non-NMDA agonist, 2,4,5-trihydroxyphenylalani- 
ne (TOPA), GSH abolishes its agonist properties 
and block its excitotoxicity [1]. It is also demon- 
strated that glutathione is essential for repair pro- 
cesses in neurons in slices of guinea pig hippocam- 
pus exposed to oxidative damage [199]. If the 
present author’s hypothesis be admitted, the clas- 
sical Ishimori-Piéon’s hypnotoxicin theory [101, 
145] revives with a modern appearance [82, 83]. 


GENERAL CONCLUSIONS 


Sleep has multidimentional functions. It mod- 
ulates metabolic processes at the molecular level, 
synaptic neurotransmission at the subcellular level, 
detoxification, restitution and proliferation at the 
cellular level, thermoregulation and neuroimmu- 
noendocrine information processing at the phys- 
iological level, antistress reactions and emotional 
fluctuations at the psychological level, immune and 
host defense responses at the pathological level, 


growth and time-keeping at the whole body level, 
pregnancy and lactation at the reproductive level, 
and strategy for survival at the evolutionary level. 
At each level, sleep seems to be supported by a 
number of corresponding highly but not strictly 
specific sleep substances [77, 78, 80, 81]. 

With respect to the regulation of sleep by the 
two SPS components, the action of uridine and 
GSSG or GSH is possibly mediated via the mod- 
ulation of neurotransmission at the synaptic level 
of the GABA,z-uridine receptor complex and the 
glutamate receptor, respectively (Figs. 1-2). 
Thus, the two SPS components promote sleep by 
exerting a complimentary action on the two major 
neurotransmitter systems in the brain that have 
mutually reciprocal functions, i.e. the inhibitory 
GABAergic system and the excitatory gluta- 
matergic system. Hence the two SPS components 
regulate physiological sleep through a differential 
modulation of neuronal activity in the brain. 

Since a large number of endogenous substances 
are conccurrently involved in the regulation of 
physiological sleep and there are certain interac- 
tions among them [78-80, 96-98, 137], further 
studies are essentially required to analyze the 
interrelationship between the two SPS components 
and between each SPS component and other sleep 
substances with special reference to their exact 
sites of action in the central nervous system. 
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ABSTRACT—The integumentary color patterns of winter flounder, Pleuronectes americanus, are 
broadly organized into 3 major components with distinctive physiological and morphological character- 


istics. 


In vivo, melanophore differential responses between these pattern components occur in 


flounders subjected to black and white background changes, and also during in vitro incubations in 
K -rich and Na “-rich media. In contrast, in vitro equilibration in equimolar noradrenaline solutions 
does not result in different degrees of melanosome aggregation between melanophores from the 
different areas of the skin. These observations are discussed in relation to central neural regulation and 
peripheral specialisation in teleost chromatic differential patterning activity. 


INTRODUCTION 


The physiological responses of teleost melano- 
phores to black and white background reversal 
have been classified [20] into those mediated 
through (i) the nervous system alone; (ii) neural 
primary control and pituitary secondary control; 
and (ii) predominantly hormonal control. Neural 
control involves the sympathetic nervous system 
[14, 29], noradrenaline being the neurotransmitter 
[18, 22]. Since Spaeth’s [32] classical studies on 
Fundulus scale slips, i.e., scales bearing a small 
area of skin, these preparations have been used 
extensively in physiological and pharmacological 
in vitro experimentation on melanophores. Iso- 
tonic K~-rich and Na -rich incubation media are 
used frequently to induce in vitro melanosome 
aggregation and dispersion respectively in scale 
slips. In these preparations the sympathetic nerve 
endings and the melanophores represent a minia- 
ture neuroeffector system in which K * -rich media 
depolarize nerve endings to release noradrenaline 
[15,22]. Thus, clamped ionically induced depolari- 
zation and polarization of the nerve endings are 
the essential effects of K~ and Na”, regardless of 
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any concurrent polarity changes in the melano- 
phore membrane [9]. 

Winter flounder (Pleuronectes americanus) pos- 
sesses a dark colored upper surface with general 
background, white spot and dark band pattern 
components [5, 28]. This species has morphologi- 
cally distinct dermal and epidermal melanophores, 
and also xanthophores and iridophores, all 4 types 
of chromatophores occurring in different propor- 
tions between the pattern components [5]. Winter 
flounder displays differential physiological re- 
sponses of the 3 pattern components during black- 
white background changes. Experimentation with 
spinal and hypophysectomized flounder [6] de- 
monstrates that such melanophore physiological 
activity in all 3 pattern components is under neural 
control in this species, the pituitary having no 
significant influence on melanophore physiological 
responses. However, the chromatic behavior of 
the dark bands and.white spots is not entirely 
background related [4, 28] and paling of white 
spots in black-adapted flounder, as well as darken- 
ing of the bands in white-adapted flounder, can be 
associated with excitement. The responsiveness of 
melanophores from the different components of 
flatfish color patterns has not yet been compared in 
vitro relative to their differential responsiveness in 
vivo, and this is the primary purpose of the present 
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study. Because repeated chromatic stimulation of 
flounder results in facilitation which influences 
both in vivo and in vitro melanophore response 
rates [10], as also does prolonged adaptation to 
one background [8], these comparisons were made 
on a single group of flounders during the same 
cycle of background adaptations. 


MATERIALS AND METHODS 


Winter flounder, P. americanus, caught by scuba 
divers with hand nets near St. John’s, Newfound- 
land, were initially laboratory acclimated in stock 
tanks supplied with running sea water under sea- 
sonal temperature and photoperiod conditions. 
For approximately 1 week before experiments 
flounder were kept in individual “Plexiglas” black 
aquaria (400 mmx 225 mm X203 mm) supplied 
with running sea water under continuous illumina- 
tion (60 W 1 m above) and seasonal temperature 
conditions. 

To determine the effect of background color on 
the flounder melanophores the fish were transfer- 
red gently by hand to individual “Plexiglas” white 
aquaria. Scale slips (2-3/sample) were plucked 
with fine forceps from each pattern component 
immediately before transfer between aquaria and, 
subsequently, at appropriate time intervals during 
adaptation to the white background. The scale 
slips were immediately frozen (—78°C) by contact 
with a small piece of solid CO;, which does not 
affect the degree of melanosome dispersion, but 
can prevent possible continued melanosome move- 
ment during the subsequent penetration of fixa- 
tive. The scale slips were then fixed in formalde- 
hyde (40%) and mounted in glycerol for microsco- 
pic examination. Differences in numbers of chro- 
matophores, with associated slight differences in 
hue, facilitate identification of the major pattern 
components on completion of background adapta- 
tion. 

For in vitro experiments single scale slips were 
plucked from each pattern component of black- 
adapted (= 1 week) flounder in a random sequence 
and were incubated initially for 15 min at the 
seasonal sea water temperature in a balanced salt 
solution (BSS) with the following composition in 
mM: NaCl, 175.0; KCl, 2.7; MgCh, 0.64; CaCh, 


1.53; NaHCO, 5.0; glucose, 5.6. Melanosome 
aggregation was induced by incubation in aggre- 
gating fluid (AF) with the following composition in 
mmol: KCl, 180.0; KHCO3, 5.0; glucose, 5.6. 
Melanosome dispersion was induced by dispersing 
fluid (DF) with the following composition in 
mM: NaCl, 180.0; NaHCOs:, 5.0; glucose, 5.6. 
Solutions of phentolamine mesylate (Ciba-Geigy) 
and L-noradrenaline bitartrate (Sigma) were pre- 
pared in AF and DF respectively. The pH of all 
solutions was 7.6-7.8 and could be adjusted with 
5% CO2-95% On, freshly prepared noradrenaline 
solutions being kept on ice until required. The in 
vitro experiments were performed on a thin glass 
culture microslide (incubation media, 0.34—0.4 ml) 
mounted on a microscope thermal stage (Bailey 
Instruments, Model TS-2) maintained at the sea- 
sonal sea water temperature. 

In both in vivo and in vitro protocols the degrees 
of melanosome aggregation and dispersion were 
estimated at appropriate times by means of dermal 
and epidermal melanophore index (DMI and 
EMI) scales [19], in which 1 represents complete 
melanosome aggregation and 5 complete disper- 
sion. Differences in focal plane made it possible to 
distinguish between dermal and epidermal mela- 
nophores with completely aggregated melano- 
somes. All mean melanophore index values were 
based on individual readings for standard areas of 
each of 2 scale slips from the 3 pattern components 
of every flounder used for an experiment. Tests of 
statistical significance were made with the Mann- 
Whitney U test using extended tables [31], or by 
the Kruskal-Wallis analysis of variance of ranks. 


RESULTS 


In vivo responses of melanophores in flounders 
subjected to background color changes 


Six winter flounders which had been in black 
aquaria for 1 week were transferred to white 
aquaria and, subsequently, paling of the general 
background component of the pattern was more 
rapid than that of the dark bands. This differential 
response was reflected in the DMI values recorded 
(Fig. 1). The paling of these fish was relatively 
slow and complete melanosome aggregation 


Flatfish Melanophore Patterning 579 


DMI 


Min 


Ue Sy Pe ea pre 
3 5 Lier Spe eSie ad 
Hr Day 


Duration of background adaptation 


Fic. 1. 


Response of general background and dark band pattern component dermal melanophores of 6 winter 


flounders to black and white background changes. DMI values=mean+SEM. General background component 
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water temperature 2 -4°C. 


not observed even after 8 days on white. The 
maximum DMI differences between dark band 
and general background pattern components were 
observed between 1 and 6hr exposure of the 
flounders to white and were statistically significant 
(Mann-Whitney, P<0.001). The difference (dark 
band DMI, 2.3+0.12; general background DMI, 
1.75+0.16) which persisted after 8 days on white 


was also statistically significant (Mann-Whitney, P 
<0.025). Complete melanosome aggregation was 
not observed within the time scale of the experi- 
ment in the dermal melanophores of any individual 
flounders. The epidermal melanophores also dis- 
played similar differential pigment aggregation be- 
tween the dark band and general background 
components. However, a greater degree of pig- 
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ment aggregation was finally attained in these 
melanophores after flounders were adapted to 
white for 8 days, with mean EMI values of 1.36+ 
0.16 and 1.38+0.2 respectively for the dark band 
and general background components. Also, 4 of 
the flounders displayed complete pigment aggrega- 
tion in the epidermal melanophores of at least 1 of 
these 2 pattern components. 

When these white-adapted flounders were trans- 
ferred back to the black aquaria again, the bands 
darkened more rapidly than the general back- 
ground component. The initial rate of increase in 
DMI (Fig. 1) was significantly faster (Mann- 
Whitney, P<0.025) in the bands so that the mean 
DMI difference between the dark band and gener- 
al pattern components increased from 0.55 (Mann- 
Whitney, P<0.025) at Omin to 1.25 (Mann- 
Whitney, P<0.0001) after 15 min on black. The 
differential values were maintained during several 
hours of adaptation to black (Fig. 1). In the case 
of the epidermal melanophores the initial differen- 
tial character of the response was even more 
pronounced, with EMI increases from 1.36+0.16 
to 3.19+0.36 and from 1.38+0.2 to 1.54+0.22 for 
the band and general background components 
respectively during the first 15 min adaptation to 
black (Mann-Whitney, P<0.001). 

In the case of the white spots there were very 
few epidermal melanophores. There was also 
considerable variation in the DMI of the white 
spots between individual flounders adapted to a 
black background for 1 week, with values from 2.5 
to 4.5 (mean, 3.5), which reflected the variation in 
the prominence of these spots in flounders at the 
time of sampling. The white spots of individual 
black-adapted fish could also display rapid (min) 
paling after scale slips were sampled from the 
other areas of the skin. 

In order to assess the contribution of any possi- 
ble excitement associated with the scale slip sam- 
pling procedure on the refractory character of 
paling of the dark bands, the flounders were 
returned to the white aquaria and scale slips sam- 
pled only after 1 hr and 3 days. There were no 
significant differences between DMI and EMI of 
these samples and those from the bands at equiva- 
lent times during the previous adaptation to white, 
when additional scale slips were plucked at in- 


termediate sampling times. This indicates that the 
relatively slow paling of the bands was not due to 
possible stress associated with scale slip sampling 
in the current experiments. 


In vitro responses of melanophores in K* and 
Na* -rich media 


After initial equilibration in Na*-rich DF, sub- 
sequent change in incubation medium to K*-rich 
AF resulted in melanosome aggregation in all 3 
pattern components, but at different rates (Fig. 2). 
The dermal melanophores from the white spots 
displayed complete melanosome aggregation in 
vitro within 10 min. The more refractory dermal 
melanophores from the dark bands still had a 
mean DMI of 2.1+0.14 after 10 min, with some 
residual dispersion persisting after 30 min incuba- 
tion (Fig. 2). Dermal melanophores from the 
white spot, general background and dark band 
pattern components displayed a descending order 
of in vitro responsiveness to AF with respective 
DMI values of 2.33+0.22, 3.75+0.27, and 4.11+ 
0.14 after 2 min incubation (Fig. 2), this overall 
difference being statistically significant (Kruskal- 
Wallis, P<0.001). 

On changing the incubation medium from AF to 
DF the dermal melanophores from the 3 pattern 
components displayed differential melanosome 
dispersion (Fig. 3), the white spot melanophores 
again being the most responsive. The general 
background, dark band and white spot dermal 
melanophores displaying a sequence of increasing 
melanosome dispersion rates, with respective 
DMI values after 4 min incubation in DF of 2.44 + 
0.19, 2.96+0.17 and 3.63+0.25 (Fig. 3), this over- 
all difference being statistically significant (Krus- 


' kal-Wallis, P<0.01). 


The in vitro time course for melanosome move- 
ments in the epidermal melanophores of the dark 
band and general background components was 
similar to that for the dermal melanophores. 
Melanosome aggregation took up to 30min to 
complete, without any residual dispersion, but the 
rates of this response were more or less identical 
between these 2 pattern components. The dif- 
ferential melanosome dispersion rates in vitro be- 
tween the dermal melanophores of the dark band 
and general background components (Fig. 3) were 
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paralleled by similar differences for the epidermal 
melanophores. Because of their low numbers, 
white spot epidermal melanophore in vitro re- 
sponses to AF and DF have not been included in 
this analysis. 

Ten scale slips from each pattern component of 
another 5 flounders were equilibrated in DF and 
then equilibrated in increasing concentrations of 
noradrenaline in DF. A noradrenaline concentra- 
tion of 10~° M evoked considerable melanosome 


Incubation 


aggregation resulting in virtually identical DMI 
values for each pattern component (band, 2.7+ 
0.4; general background component, 2.8+0.38; 
white spot component, 2.75+0.3; n=10 repli- 
cates). The mean EMI values for the dark band 
and general background components were 2.1+ 
0.42 and 2.4+0.46 respectively. A further 10 scale 
slips from each pattern component of another 5 
flounders were equilibrated in AF and then incu- 
bated in a solution of the a-adrenoceptor antagon- 
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Fic. 3. Comparison of in vitro rates of melanosome dispersion, induced by Na* ions, in dermal melanophores from 
the 3 major pattern components of winter flounder. DMI values=mean+SEM for 12 scale slips. General 


background component —A—, dark band component —@®—, white spot component —O—. 


temperature 6°C. 


ist phentolamine (10°*M) in AF, control scale 
slips being kept in AF alone. In response to the 
phentolamine the dermal and epidermal melano- 
phores from each pattern component displayed 
complete dispersion of their melanosomes within 
15 min in contrast with the controls, which display- 
ed no melanosome dispersion over this time. 


DISCUSSION 


The differential melanophore responsiveness to 


Incubation 


black and white background changes in the present 
study is consistent with earlier observations on this 
species [4]. The current in vivo and in vitro 
comparisons of melanophore responsiveness for a 
group of fish all on the same experimental cycle of 
adaptation to standardised backgrounds further 
characterize the 3 major integumentary pattern 
components in winter flounder. 

Recent observations [2, 24, 26] indicate that in 
other teleost melanophore patterning systems 
there are central differential control mechanisms. 
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Scale autografts between pattern components of 
the striped type Rhinogobius brunneus have de- 
monstrated that, in this species, differential melano- 
phore activity is not a function of end organ 
characteristics or hormonal factors, but is a func- 
tion of differential neural stimuli [26]. Electrical 
stimulation of localized sites anterior to the middle 
medulla in the brains of Lepomis cyanellus and L. 
macrochirus elicits integumentary banding pat- 
terns, whilst stimulation of the posterior region of 
the medulla evokes only integumentary paling [2]. 
Based on the premise of single innervation of the 
melanophores, banding centres may inhibit a pal- 
ing centre in the medulla, the reduced excitation of 
melanophores resulting in melanosome dispersion 
{2]. Peripherally, the concept of superficial and 
deep melanophore functional systems [1] may be 
applicable to Lepomis, each system displaying 
differential responses to varying degrees of sti- 
mulation [2]. In the case of flounder, histological 
examination [3] has not revealed any distinction 
into layers that could be associated with the differ- 
ent melanophore pattern components. In territo- 
tial male Haplochromis burtoni, melanophores of 
a dark eyebar are differentially controlled, relative 
to other facial melanophores in social signalling, 
by an “eyebar nerve” of the maxillary nerve [24]. 
However, intermorph differences in Haplochromis 
are dependent on “barless” males possessing 
eyebar melanophores with less pigment, and which 
are more responsive in vitro to noradrenaline than 
those of males with dark eyebars [25]. 

The remarkable rapidity of completion of in 
vitro responses of melanophores from all 3 pattern 
components of flounder, compared with in vivo 
responsiveness, can be attributed to a universal 
depolarization and polarization of scale-slip nerve 
endings evoked by the K~ and Na™ [9] starting 
from the severance plane of the scale slip tissue. In 
contrast, the slower background-related color 
changes will involve a more complex summation of 
excitatory and inhibitory modulation at different 
regulatory levels, thereby influencing peripheral 
neural conduction. 

Phentolamine, an a-adrenoceptor antagonist in 
mammals, inhibits teleost melanosome aggrega- 
tion, indicating that this process has an a@- 
adrenergic character [11-13, 17]. It has also been 


suggested [21, 23, 27, 30] that melanosome disper- 
sion in some teleosts is mediated through /- 
adrenoceptors. In flounder injection of phentola- 
mine elicits darkening of all 3 pattern components, 
but injection of the f#-adrenoceptor agonist L- 
isoproterenol does not produce such darkening [7]. 
Thus, melanosome aggregation has an a-adrener- 
gic character, whereas a £-adrenergic character is 
not indicated for melanosome dispersion in this 
species. The inhibition of in vitro K*-evoked 
melanosome aggregation by phentolamine in the 
current experiments further establishes the 
adrenergic innervation of all 3 pattern compo- 
nents, with a-adrenoceptor mediation, in this spe- 
cies. 

The differential in vitro response rates to K* 
and Na* of dermal melanophores from different 
pattern components is particularly interesting in 
that it largely parallels the in vivo chromatic re- 
sponsiveness, apart from its relative rapidity. The 
white spots include the smallest dermal melano- 
phores and the dark bands have the largest [5]. 
Although this may be a factor influencing the in 
vitro melanophore responsiveness, it does not ex- 
plain the capacity for white spot and dark band 
melanosome translocation to occur under stress 
conditions in directions opposite to those associ- 
ated with background-related chromatic adapta- 
tions. Nor would it explain the remarkable rapid- 
ity of melanosome dispersion in the dark band 
component of individual flounders on black back- 
grounds. Incubation of split fin preparations from 
Sarotherodon niloticus in K*-rich media releases 
both noradrenaline and a co-transmitter ATP from 
the nerve endings, and resultant adenosine may 
function to re-disperse melanosomes [22]. The 
differential in vitro responses of flounder melano- 
phores to K* and Na* may reflect different 
levels of neuro-modulation between pattern com- 
ponents and could involve, for example, a co- 
transmitter such as a purine. Also, in contrast with 
the general background component of flounder 
patterns, the white spot and dark band melano- 
phore activity is not restricted to background 
related adaptations. An interesting question is 
whether this capacity for response of the bands and 
spots to other behavioral cues may result in dif- 
ferential facilitation thereby influencing melano- 
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phore in vitro responses to some degree. Faci- 
litation has so far only been investigated for re- 
sponses of the general background component to 
changes in background coloration and its subse- 
quent effect on melanophore activity in vitro [10]. 

The relative uniformity of the equilibration 
values obtained for the flounder pattern compo- 
nents after incubation in equimolar noradrenaline 
solution contrasts with the results obtained [25] in 
experiments on intermorph differences in Ha- 
plochromis burtoni. The flounder results suggest 
that melanophore adrenoceptor frequencies may 
not necessarily differ between pattern compo- 
nents. Also, the uniformity of the in vitro 
equilibration with noradrenaline contrasts with the 
differential aggregation of melanosomes in floun- 
der patterns after injection of this catecholamine 
[7]. This suggests that plasma-borne neurotrans- 
mitter does not necessarily exert an influence 
entirely at the effector level. However, interpreta- 
tion of in vitro effects of noradrenaline, other than 
equilibration or dose response data for the specific 
preparation, probably needs split fin [15, 16] or 
scale slip [33] preparations without the epidermal 
barrier to diffusion with its intrinsic problems, 
which have been discussed by Fujii [15, 16]. The 
possible use of such modification of flounder scale 
slip preparations is currently being assessed. At 
present, there is no information on the spatial 
relationship between integumentary neurones and 
epidermal melanophores and this requires clar- 
ification in the absence of differential melanosome 
aggregation in vitro in these effectors. 

Data available from the small number of teleost 
integumentary patterning systems that have been 
studied suggest that there is a central neural reg- 
ulation of the differential melanophore activity, 
and this may be widespread. However, the con- 
siderable interspecific diversity which exists in tele- 
ost chromatic patterning suggests that the relative 
roles of such central regulation and of peripheral 
neural and effector characteristics must be asses- 
sed for individual species. The information discus- 
sed in the present work indicates that, in some 
species, such peripheral specializations and proces- 
ses can have significant influence on differential 
patterning activity, and must be elucidated in 
order to better understand the mechanism of pat- 


terning expression of the central 
system. 


regulatory 
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Involvement of Four Hormones in Thyroxine Deiodination 
in Several Tissues of Immature Yearling Masu 
Salmon, Oncorhynchus masou 


Hipeaki YAMADA!, Ryuya Hortucur’, Korcutro GEN! 


and KoHer YAMAUCHP 


‘Department of Biology, Faculty of Fisheries, Hokkaido University, 
Hakodate 041, and "Institute of Endocrinology, Gunma 
University, Maebashi, Gunma 371, Japan 


ABSTRACT—FEffects of estradiol-17f, testosterone, cortisol and ovine growth hormone on 3,5,3’- 
triiodothyronine (T3) and 3,3’,5-triiodothyronine (rT3) generation (5’-monodeiodinase and _ 5- 
monodeiodinase activity) from thyroxine (T4) in liver, gill, kidney and head kidney of immature 
yearling masu salmon were investigated. Reverse T3 generation was observed in all tissues. 
Estradiol-17f significantly depressed both serum T, and T3 levels and T; generation in gill and liver. 
Ovine growth hormone enhanced serum T; levels and T3 generation in gill and liver. Although 
testosterone increased serum T, levels, it was not effective on either T3 or rT3 generation in each tissue. 
T3 generation was found in the gill following cortisol treatment. However, cortisol showed no effects on 
serum thyroid hormones. Our results suggest two T, deiodination pathways in the masu salmon. The 
observed decrease in serum T3 may be due to depressed 5’-monodeiodinase activity and stimulated 
5-monodeiodinase activity following estradiol-172 treatment; and the observed increase in serum T3 
levels may be due to enhanced 5’-monodeiodinase activity following ovine growth hormone treatment. 


INTRODUCTION 


Thyroid hormones are known to play an impor- 
tant role on various physiological phenomena in 
fishes. In salmonids, circulating thyroxine (T4) 
shows high levels and dramatic change, whereas 
3,5,3’-triiodothyronine (T3) is low and stable [27]. 
T3; seems to be produced by extrathyroidal 
monodeiodination of T, [16, 23] and active form of 
thyroid hormone in salmonids [2, 55]. Ty 5- 
monodeiodinase (5D) was observed in various 
tissues (e.g. liver, kidney, ovary, brain) in mam- 
mals [21, 39]. 5’D activity also has been found in 
several tissues of fishes (liver [10, 30, 34, 38] and 
kidney [30]). Recent studies indicate that rainbow 
trout has 5’D and 5-monodeiodinase (5D) [50]. 

Recent studies [31, 34, 35, 54] have indicated 
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that several hormones (e.g. estradiol-17/, testos- 
terone, growth hormone, corticosteroids) have a 
potential to affect deiodination in hepatocytes, 
however, the results have only demonstrated 5’D 
activity. In the present study, we investigated T, 
deiodination pathways and effects of estradiol-17£, 
testosterone, cortisol and ovine growth hormone 
on T, deiodination in liver, gill, kidney and head 
kidney in immature yearling masu salmon, 
Oncorhynchus masou. 


MATERIALS AND METHODS 


Fish 

Twenty immature yearling masu salmon (75-130 
g body weight) obtained from Hokkaido Fish 
Hatchery were transferred to Hokkaido University 
in September, and were held in a 250-liter circulat- 
ing tank at 12°C under a natural photoperiod. Fish 
were acclimated to rearing conditions for two days 
before hormone injections. Fish were divided into 
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five groups (n=4) (control, estradiol-17f, testos- 
terone, cortisol, ovine growth hormone). 


Hormone treatment 


After anesthetizing with p-aminobenzoate (1.5 
g/10 liter water), fish were injected intraperi- 
toneally with estradiol-178, testosterone, cortisol 
(Sigma Chemicals, St. Louis, MO) or ovine growth 
hormone (oGH, NIADKK-oGH-12, NIH), 1 ug/g 
body weight. Injectate stock solutions of steroids 
were dissolved in 50% ethyl alcohol, and ovine 
growth hormone in masu salmon Ringer’s solution 
(NaCl 8.6g, KCl, 0.23 g, MgSO47H2O 0.07 g, 
NaHPO,2H,O 0.149¢g, MgChL6H,0 0.2g, 
CaCl,2H,O 0.5 g, glucose 1.0g, N-(2-Hydroxy- 
ethyl)-piperazine-N’-2-ethanesulfonic acid 2.38 g 
in one liter, adjust pH to 7.4 by 1 N NaOH). Final 
injection volume of ethyl alcohol and masu salmon 
Ringer’s solution was equivalent (0.1 ml). Control 
group fish received an equivalent volume of both 
ethyl alcohol and masu salmon Ringer’s solution. 
Steroid-treated groups and growth hormone- 
treated group received an equivalent volume of 
masu salmon Ringer’s solution and 50% ethyl 
alcohol, respectively. Injections were given be- 
tween 10:00 and 11:00 on day 0 and day 3, and 
sampled between 10:00 and 11:00 on day 7. The 
fish were not fed during the experimental period. 


Thyroxine deiodination 


Blood was collected immediately from the cau- 
dal blood vessels, followed by centrifugation at 
12,000 rpm for 15 min. The obtained serum was 
stored at —40°C for later analysis of thyroid hor- 
mones. Liver, gill, kidney and head kidney were 
collected from each group. The following incuba- 
tion conditions were determined by our previous 
experiments [55]. The tissues were rinsed in 
ice-cold masu salmon Ringer’s solution (MSR), 
followed by weighing and homogenizing with five- 
fold volume of MSR containing 5mM_ dithio- 
threitol (DMSR). The homogenates were diluted 
to the appropriate protein concentrations (2 mg 
protein/100 yl in final assay volume, determined 
by the Lowry method) with ice-cold DMSR con- 
taining 5mM (DTT). [3- and 5’-'*I]T, (specific 
activity >211 MBq/ jg, carrier free, New England 
Nuclear) were chromatographed and purified us- 


ing a high performance liquid chromatography 
system as described below, and purified ['*I]T, 
were used to deiodination experiments. To deter- 
mine non-enzymatic deiodination at 15°C for 2 hr, 
control samples were heated at 100°C for 5 min to 
block the enzyme activity, and compared with 
non-heat-treated control group. Moreover, 6- 
propyl-2-thiouracil (PTU, final concentration 3 
mM) were added into the control sample as a 
blocker of enzymatic T, deiodination. Final assay 
sample of 100 1 was pipetted into the 12x75 mm 
glass tubes, and then 400 yl of [!*I]T, substrate 
was added into the tubes to become final concen- 
trations of 0.1 nM, and incubated for 2 hr at 15°C. 
The T, substrate was prepared by dilution of 
['?I]T, with DMSR. After incubation, radioactive 
compounds of interest were extracted from 500 yl 
of medium with 5001 of n-butyl alcohol (n- 
BuOH), from which the extraction recovery of 
each sample was determined. This extraction 
resulted in recoveries of 70-80% of '°I activity. 
In preliminary studies, we verified that there were 
no qualitative differences in chromatographic re- 
sults of one extraction versus 3 extractions (90- 
96% recovery). A volume of 400 ul of extract 
(n-BuOH layer) was transferred to a 12X75 mm 
glass tube, and evaporated by a centrifugal evapo- 
rator at 40°C. Ty, to T3 and rT; conversion rates 
were evaluated by measuring 3,5,3’-'*°I-T3; and 
3,3’,5’-'*I-T3 generation from !>I-T,. 


High performance liquid chromatography 


Radioactive thyroid hormones were redissolved 
in 50 wl methyl alcohol containing 10 nmole thy- 
roid hormone standards, and a volume of 20 1 was 
injected to high performance liquid chromatogra- 
phy (HPLC). Fractionation of extracted radioac- 
tive thyroid hormones was performed using HPLC 
(JASCO, model 800) with reverse-phase (Nuc- 
leosiol 3C18, 4.6 100mm, Chemco Co.). Thy- 
roid hormone standards (T,, T3 and rT3, Sigma 
Chemicals, St. Louis, MO) were employed for 
determination of the elution times. For T3, rT; 
and T4, these were 4.7, 6.3 and 8.8 min, respec- 
tively (Fig. la) using a mobile phase of acetoni- 
trile-water (37 : 63, v/v) containing 0.1% trifluoro- 
acetic acid at 40°C run at 1.0 ml/min. Twenty-five 
fractions (0.5 ml/fraction) were collected and the 
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radioactivity of each fraction was counted by )- 
counter (Aloka, model 300) for calculation of Ty 
metabolite concentrations. 5’D and 5D activities 
were calculated from generated T3 and rT3 (fmol/ 
mg protein/2 hr). 
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Radioimmunoassay 


Serum concentrations of T, and T3 were deter- 
mined by radioimmunoassay according to the 
method of Suzuki and Suzuki [49]. 
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HPLC chromatogram of unlabeled (a) and radiolabeled (b~h) 3,5,3’-triiodothyronine, 3,3’,5’- 


triiodothyronine and thyroxine under various conditions in the liver. a) elution pattern of standards, b) control, 
c) heat-treated control, d) PTU-treated control, e) estradiol-17/-treated, f) testosterone-treated, g) cortisol- 
treated, h) growth hormone-treated. Standard iodothyronines (a) were measured by absorbance at 235 nm, and 
radiolabeled and unlabeled iodothyronines were separated by following HPLC conditions. Column: 1004.6 
mm I.D. packed with Nucleosil 3C18: mobile phase, water-acetonitrile (63:37) containing 0.1% (v/v) 
trifluoroacetic acid: flow rate, 1.0 ml/min; detection: UV at 235 nm. 


590 H. Yamapa, R. Hortucui et al. 

Taste 1. Serum thyroxine (T,) and 3,5,3’-triiodothyronine (T3) concentrations in the immature 
masu salmon treated with estradiol-17£ (Ez), testosterone (T), cortisol (F) and ovine growth 
hormone (oGH). (n=4) 

poe Mean Ren Serum T, (ng/ml) Serum T3 (ng/ml) 
Treatment (ug/g BW) wt (g) 
HBIB 8 Mean SEM Mean SEM 
C 1.0 124.1 5.27 0.42 0.79 0.04 
E, 1.0 115.0 Dt 0.27 0.19* 0.05 
T 1.0 105.0 7.97* 0.90 1.02 0.28 
F 1.0 100.3 5.62 1.21 0.41 0.10 
oGH 1.0 105.1 4.96 0.48 1.82** 0.26 
* Significantly different from control (P<0.05). 
** Significantly different from control (P<0.01). 
Statistics onines in the liver homogenates were shown in Fig. 


Testing for differences in the amount of T3 and 
rT3 generation between control and experimental 
groups was accomplished using analysis of variance 
(ANOVA), followed by Duncan’s Multiple Range 
Test. 


RESULTS 


Serum thyroid hormones 


Table 1 shows serum T, and T; levels following 
administration of estradiol-17f, testosterone, cor- 
tisol and ovine growth hormone. Estradiol-172 
treatment decreased both T, and T3 levels signif- 
icantly (P<0.05) compared to controls. Testoster- 
one treatment increased serum Ty, levels (P< 
0.05), but not serum T3 levels. Cortisol had no 
effect on serum Ty and T; levels. Ovine growth 
hormone significantly enhanced serum T; levels (P 
<0.01), but not serum Ty, levels. 


Elution patterns of labeled and unlabeled iodothyr- 
onines 


Heat-treated control of liver homogenates (Fig. 
1c) showed significantly lower '*°I-generation than 
that of non-treated control (Fig. 1b). 

In the PTU-treated liver homogenates, T, to 
other iodothyronines conversion were significantly 
inhibited by recognized blockers of enzymatic con- 
version of thyroid hormones compared with non- 
heat-treated control group (Fig. 1d). 

Typical elution patterns of labeled iodothyr- 


1 (e: E, treated, f: cortisol treated, g: testosterone 
treated, h: ovine growth hormone treated). Other 
elution patterns of kidney, head kidney and gills 
were not shown. However, those patterns were 
almost similar to that of the liver, except for the 
amount of radioactivities of each iodothyronine. 


Head kidney 


In head kidney, estradiol-17 treatment depress- 
ed T3 generation (P<0.05), and increased rT3 
generation (P<0.05, Fig. 2a). Ovine growth hor- 
mone, testosterone and cortisol treatment were 
not effective on modifying T, deiodinations. 


Kidney 

Estradiol-17£, testosterone, cortisol and ovine 
growth hormone treatment were not effective on 
T3 and rT3 generation in kidney (Fig. 2b). 


Gill 

Estradiol-178 treatment depressed T3 genera- 
tion (P<0.05), and increased rT; generation (P< 
0.05, Fig. c). Ovine growth hormone treatment 
enhanced T3 generation (P<0.05), but not rI3 
generation. Testosterone treatment was not effec- 
tive on T, deiodination, while an increase in T3 
generation (P<0.05) was observed for cortisol 
treatment. 


Liver 


Estradiol-178 treatment decreased T3 genera- 
tion (P<0.05), and increased rT; generation (P< 
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Effect of estradiol-17 (E>), testosterone (T), cortisol (F) and ovine growth hormone (oGH) on T, to T3 and 


rT conversion in head kidney (a), kidney (b), gill (c) and liver (d) of masu salmon. The vertical bars represent + 
SEM. *Significantly different from the value of controls (C) at P<0.05. 


0.05, Fig. 2d). Ovine growth hormone treatment 
increased T; generation (P<0.05). Testosterone 
and cortisol were not effective on either T3 or rT3 
generation. 


DISCUSSION 


The objectives of this study were to investigate 
T, deiodination pathways, and possible involve- 
ment of estradiol-17, testosterone, cortisol and 
ovine growth hormone on these pathways, in the 
immature yearling masu salmon. 

In the present study, radiolabeled T, and its 
metabolites eluted in the order T3, rl; and then 
Ty, virtually coincident with peaks of unlabeled 
iodothyronines injected into the same HPLC sys- 
tem. Other HPLC systems used in similar studies 
resulted in the same order of elution of T3, rl; and 
T, [44, 45, 52]. T; and rT; also can be deiodinated 
to 3,3’-T2, and this product eluted before T; [45]. 
In the present study, a small peak, not significantly 
higher than the baseline, was observed before the 
peak of ['>I]T3, at 4.3 min retention time, that was 


likely radiolabeled 3,3’-T. Recently, Sweeting 
and Eales [50] detected 3,3’-T> in the hepatic 
microsomes of thyroid hormone treated rainbow 
trout using similar HPLC system. 

In the present study, T3; and rT3 were found in 
the head kidney, kidney, gills and liver. This 
means there are two Ty deiodination pathways, 
5’D and 5D, in the masu salmon. In the rainbow 
trout, rf3 was not detected in the plasma after 
administration of ['*°I]T, [16, 23], and specific 
radioimmunoassay for rT3 also showed negligible 
presence of rT3 in the plasma [18]. From these 
results, Eales et al. [18] suggested that T, deiodina- 
tion was restricted to T3; formation. However, 
recent studies reported the presence of rT3 in 
plasma of Tilapia [4] and in incubated hepatic 
microsomes of rainbow trout [50] using labeled T, 
and HPLC detection. The apparent differences 
between our findings and the previous literature 
are likely to be a result of the different methods 
used for determining T, deiodination (thin-layer 
chromatography: [23]; gel filtration: [16, 18]). The 
HPLC system we used in the present study is much 
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more sensitive for identification and separation of 
thyroid hormones in these types of samples. 
However, the production of T3; and rT3 was in 
fmole amounts in comparison with pmole amounts 
in previous reports. The reason for such low T3 
and rT; values can be explained by the differences 
in enzymatic reaction methods. Metabolized T3 
and rT3 in incubated samples was assessed as both 
T3 and rT3 in one milligram protein in previous 
reports and in the present study. But, we used 
whole tissue homogenate for the deiodination 
reaction, and partially purified microsomes [10, 50] 
were used in previous reports. Reverse T3 was 
measurable in bile, urine and plasma following 
injection of ['*I]T, in the plaice, Pleuronectes 
platessa [37], using thin layer chromatography. 
However, these investigators injected a high dose 
of ['*I]T, into the plaice, in contrast with earlier 
reported studies. In the present study, rT3 genera- 
tion was lower than that of T3 generation. Our 
findings suggest that, if low doses of [!°I]T, are 
injected into experimental fish, rT; may be detect- 
able only if a sufficiently sensitive chromatography 
system is used. Therefore, differences in the 
results of Osborn and Simpson [37] and the pre- 
vious literature can be explained by not only the 
size of the injected dose, but also the chromatogra- 
phy method, and lower 5D activity than 5D 
activity described in the present study. 

Reverse T3 is present in humans [7] and other 
mammals [8, 29, 51], and rT3 production may 
equal or exceed the production of T3 from Ty [21, 
39]. Moreover, T3 and rT3 are eventually metabol- 
ized to To in mammals. Mammals have a limited 
iodine supply and, for this reason, extrathyroidal 
iodothyronine deiodination is necessary for iodine 
economy in mammals. Rainbow trout, which have 
high iodine availability, also have both 5’D and 5D 
pathways [50]. The presence of two T, deiodina- 
tion pathways observed in the masu salmon and 
rainbow trout suggest that Ty, and rT3 can be 
further metabolized to 3,3’-diiodothyronine and 
3’-T,, and these may be no differences in thyroxine 
metabolic pathways between mammals and salmo- 
nid fish, even if both animals are in different 
environment of iodine availability. 

It is well known that Ty is synthesized in the 
thyroid gland, secreted into blood, taken up by its 


target cells, and then deiodinated to T3; by 5D. 
Some of this T3 is bound to specific receptors in 
cells, and some is released into blood again. This 
view supports the concept that almost all circulat- 
ing T3 is derived from peripheral T, deiodination 
[20]. Estradiol-17£ treatment decreased serum T, 
levels in the present study. Undoubtedly, estra- 
diol-17@ depresses thyroidal activity [29]. Further- 
more, as in rainbow trout [19, 31], estradiol-178 
depressed serum T; levels and the T, to T3 conver- 
sion rate in liver, gill and head kidney in the 
present study. High dose treatment of estradiol- 
178 depressed 5’D activity in rainbow trout [10]. 
Therefore, the observed decrease in serum T3 
levels was probably caused by decreased T, to T3 
conversion rate in peripheral tissues following 
estradiol-178 treatment. 

During maturation, plasma thyroid hormone 
levels decrease and estradiol-17f levels increase in 
female Atlantic salmon [14], rainbow trout [9] and 
masu salmon (unpublished results). We also 
observed an increase in serum estradiol-17/ levels 
in 2-year-old masu salmon in May (unpublished 
results), followed by upstream maturational migra- 
tion. Moreover, upstream migrating salmonids do 
not usually feed, but migration needs high energy. 
In such conditions, masu salmon must get energy 
from body lipids for upstream migration, and use 
limited iodine for thyroid economy. Thyroid hor- 
mone decreases body lipids (rainbow trout, [1]; 
catfish, [47]), and enhances lipid metabolism in fish 
[40]. Therefore, the limited iodine is generated 
not only from T3 deiodination but also from in- 
creased rT3 deiodination. Male as well as female 
fish have a response that induces vitellogenin fol- 
lowing estrogen treatment, which suggests that the 
basic function of estrogen is not different between 
males and females. Therefore, it is likely that the 
male masu salmon, like the female, has the same 
response of T, deiodination to estradiol-17/. 

Testosterone appears to stimulate thyroidal 
activity, such as increased follicle cell height and 
radioiodide uptake [24, 53]. Testosterone treat- 
ment increased serum T, levels, but not T3 levels in 
the present study, suggesting that testosterone 
stimulated thyroidal activity, as in previous stu- 
dies. Similarly, testosterone propionate [28] and 
testosterone [34] stimulate conversion of Ty to T3 
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in rainbow trout. Moreover, a recent study indi- 
cated that testosterone enhanced T3 generation in 
liver of masu salmon during and after smoltifica- 
tion, but is not effective before smoltification 
(Yamada et al., in preparation). However, testos- 
terone treatment was not effective on T, to T3 
conversion in the present study. Judging from 
these findings, it seems that the stimulatory effect 
of testosterone on T, to T3 conversion depends on 
the developmental stage. 

Vijayan et al. [54] indicated that high doses and 
long-term treatment with cortisol increased in vitro 
hepatic 5’D activity. However, cortisol treatment 
was not effective on serum T, and T3 levels and T, 
deiodination in the liver, kidney and head kidney. 
Our injection dose and period were lower and 
shorter than in previous reports. High doses and 
long-term treatment may be necessary for the 
possible involvement of T, deiodination in these 
tissues. In fish, in vivo cortisol treatment enhanced 
gill Na” -K~-ATPase activity [41, 42, 43]. Effects 
of cortisol on thyroid function and deiodination in 
trout were investigated [3]. In coho salmon, 
cortisol increased Na*-K*-ATPase activity in vit- 
ro [33], and it has been suggested that cortisol 
induces Na’-K~-ATPase abundance in Tilapia 
directly. In the present study, cortisol increased T, 
to T3 conversion only in gills. It seems possible 
that cortisol supports T, to T3; conversion, but the 
dose response on cortisol in gills was higher than 
that in other tissues examined in the masu salmon. 

de Luze et al. [12, 13] observed an increase in 
serum T;3 levels following growth hormone treat- 
ment in the European eel, and suggested that in 
vivo 5D is stimulated by growth hormone. In 
addition to their reports, MacLatchy and Eales 
[35] have found same effect of growth hormone on 
in vitro 5D activity in rainbow trout. Ovine 
growth hermone enhanced Ty, to T3 conversion in 
gills and liver and also increased serum T; levels in 
the present study. It is unclear that increased 
serum T3 levels were caused by enhanced T, to T3 
conversion in peripheral tissues, and it is important 
to consider whether growth hormone effects on T, 
deiodination are direct or indirect. Growth hor- 
mone receptors are observed in the liver of salmon 
and eel [25, 36, 46] and also in the gills [46]. 
Therefore, it seems that increased T, to T3 conver- 


sion is a direct action of growth hormone mediated 
by growth hormone receptors. However, growth 
hormone induces insulin-like growth factors as a 
second messenger hormone in the liver of mam- 
mals [6, 11, 22] and also of fish [32, 15]. These 
findings suggest that liver is an important organ for 
growth hormone activity, by production of insulin- 
like growth factors as second messenger hor- 
mones. To clarify the relationship between growth 
hormone and thyroid hormone, in vitro studies on 
the effects. of growth hormone action on Ty, 
deiodination are required. 

In conclusion, the present study has demon- 
strated two T, deiodination pathways, and has also 
shown that decreases in serum T; levels are fol- 
lowed by inhibition of 5’D and stimulation of 5D 
pathway by estradiol-172. Ovine growth hormone 
stimulated the 5’D pathway, resulting in an in- 
crease in serum T3 levels. These results strongly 
suggest that these hormones are closely involved in 
T, deiodination. The physiological role of rT3 
production in the masu salmon remains to be 
determined. 
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Temperature Dependency of the Circadian Locomotor Rhythm 
in the Cricket Gryllus bimaculatus 
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Biological Institute, Faculty of Science, Yamaguchi University, 
Yamaguchi 753, Japan 


ABSTRACT—The locomotor rhythm in adult male crickets Gryllus bimaculatus was found to be highly 
dependent on the ambient temperature level. The crickets were nocturnally active at 25°C, but turned 
to be diurnal at 20°C only when entrained to light dark (LD) cycles. The change in activity pattern was 
mainly caused by the change in the nighttime activity level. Since no animal showed a diurnal rhythm at 
20°C in constant lighting conditions, it is suggested that the diurnality is produced by a temperature 
dependent masking effect of LD. The temperature level affects the freerunning period (z) and the daily 
activity level of freerunning rhythms in constant darkness (DD) or light (LL). However, the Qjo of 
fell near 1.0 by a temperature compensation mechanism. Delay or advance shifts were often induced by 
temperature step-down or -up, suggesting that the temperature cycle may be a potent zeitgeber to 
entrain the locomotor rhythm. The change in temperature sometimes resulted in a splitting of the 
rhythm into two components. The split components seemed to be driven by the optic lobe pacemakers, 
since the unilateral removal of the lamina-medulla complex of the optic lobe prevented the splitting. 


INTRODUCTION 


One of the most striking properties of circadian 
rhythms is that their z varies only slightly with the 
change in constant temperature levels through a 
wide range. This essential invariance of z implies 
that there is a temperature compensation mechan- 
ism in the circadian system [17]. On the other 
hand, it is well known that ambient temperature 
affects the timing of some insect behavioral 
thythms. The peak of eclosion rhythms in fruit 
flies (Drosophila pseudoobscura [30]), preparatory 
behavior for eclosion in moths (Manduca sexta 
[28]), and hatching rhythms in crickets (Gryllus 
bimaculatus {25]) and locusts (Shistocerca gregaria 
[10]), shifts with the change in ambient tempera- 
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ture levels. The temperature dependency of these 
once-in-lifetime events is often explained that they 
occur at an appropriate time to prevent from the 
desiccation. From the elegant experiment with 
Drosophila eclosion rhythm, Zimmerman et al. 
[30] suggested that the eclosion timing is regulated 
by a temperature sensitive clock that is entrained 
to a light sensitive master clock. 

There are lines of evidence that the temperature 
sensitive clock plays a role in regulating the 
rhythms in single animals. These include the flight 
rhythm of silkmoths (Antheraea pernyi [27]), mos- 
quitoes (Culex pipiens pallens and C. p. molestus 
[3]) and the locomotor rhythms in crickets 
(Teleogryllus commodus [8, 14]) and cockroaches 
(Leucophaea maderae [2, 12, 13]). In L. maderae 
[12] and T. commodus [14], the temperature sensi- 
tive clock, which is assumed to be highly damped, 
is thought to be located outside the optic lobe, the 
presumed circadian pacemaker tissue [7, 11]. 

The present study examines the dependency of 
the locomotor rhythm of the cricket Gryllus bima- 
culatus on the ambient temperature levels under 
various lighting regimes. Under constant lighting 
conditions, the rhythm showed changes in rt, but 
with a marked temperature compensation, in re- 
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sponse to the change in ambient temperature level, 
as it does in other animals. Unlike others, how- 
ever, the activity pattern under LDs drastically 
changed dependent on the temperature level. 
Since this unique phenomenon is attributable to a 
change in the activity level only during the dark 
phase, it is suggested that a temperature depen- 
dent masking effect of LD is involved in the 
regulation of the locomotor rhythm. 


MATERIALS AND METHODS 


Animals 


In all experiments, adult male crickets Gryllus 
bimaculatus obtained from a laboratory colony 
were used. They were reared under 12 h light to 12 
h dark cycle (light: 06:00-18:00, Japanese stan- 
dard time) at a constant temperature of 26°C+ 
0.5°C. Before recording the activity, either of their 
forewings was severed to prevent possible mutual 
sound communication. 


Record of locomotor activity 


The locomotor activity of adult crickets was 
recorded individually by an actograph with a rock- 
ing substratum whose movement caused by a mov- 
ing animal was sensed by a magnetic reed switch. 
The switch was connected to a computer that 
summed a total number of movements every 6 min 
and stored it on a mini floppy discket. Food and 
water were given ad libitum. Animals were initial- 
ly habituated at 25°C under the LD for about 3 
weeks. The temperature was then shifted by 5°C 
to either direction at an interval of about 10 days. 

The recordings after the initial habituation 
period were performed under either LD, DD or 
LL. The lighting condition was regulated by a 20 
W cool white fluorescent lamp connected to an 
electronic timer. In case of LD, the light intensity 
was 100-200 lux at the level of the animal, while in 
the LL experiment it was lowered to 35-100 lux by 
shading lamps because it was known that the 
rhythmicity of locomotor activity disappears under 
constant bright light [21]. The ambient tempera- 
ture was continuously monitored by an electric 
thermograph (Chino, Procos-VII). 


Surgery 


Removal of the lamina-medulla complex of the 
optic lobe, which will be referred to as OLR, was 
performed according to the procedure described 
previously [22]. Briefly, access to the optic lamina- 
medulla complex was obtained by cutting around 
the margin of the compound eye and prying open 
the eye. The exposed optic nerves and stalk (a 
long nerve trunk connecting the medulla to the 
lobula) were cut with fine iridectomy scissors and 
the lamina-medulla complex was then removed. 
The completeness of the operation was verified at 
the time of surgery. Following the surgery the eye 
capsule was replaced and the wounds were sealed 
with a small amount of melted wax. 


Data analysis 


Event records of individuals were double plotted 
(48 hr time scale with each day repeated once) by a 
computer in the conventional manner with a re- 
solution of 6min. A line was eye-fitted through 
daily activity onsets cf 7 or more consecutive days 
of steady state freerunning from which rt was 
estimated. Estimates of the magnitude of phase- 
shifts caused by step-up or step-down of tempera- 
ture level were made by drawing eye-fitted lines 
through activity onsets of steady state freerunning 
before and after the temperature steps. Values 
reported represent averages of three independent 
estimates. 

Daily mean activity pattern under LD was 
obtained by averaging the activity during 7 or more 
consecutive days at the 30 min bins, and the day- 
time and the nighttime activity levels were esti- 
mated by averaging the total daytime and the 
nighttime activity, respectively, during 7 or more 
consecutive days. In constant lighting conditions, 
only daily mean activity was calculated by averag- 
ing the daily total activity during 7 or more con- 
secutive days. 


RESULTS 


Effects of ambient temperature levels on locomotor 
activity under LD 


The locomotor activity was examined in a total 
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Effects of temperature on adult locomotor activity rhythm under 12 h light-12 h dark cycle. A: an example of 


adult locomotor activity at various temperature levels. Black and white bars indicate the light and dark phase, 
respectively. The temperature level was changed at 15:00. B: eduction profiles under 20°C, 25°C and 30°C. N 
indicates sample sizes. Note that the ambient temperature level affects the nighttime activity level. 


of 25 adult male crickets under LD at various 
ambient temperature levels. Animals whose activ- 
ity record was not obtained for 10 days at one 
temperature level were excluded from data analy- 
sis for that temperature. The temperature level 
mainly affected the nighttime activity (Fig. 1). The 
average nighttime activity at 25°C was significantly 
reduced to about 30% at 20°C and increased to 
more than 200% at 30°C (Table 1, ANOVA fol- 
lowed by Tukey’s test, P<0.01), while the daytime 
activity, however, did not appear to be affected by 


TaBLeE1. Mean nighttime and daytime activity 
(+SE) of the adult locomotor rhythm at various 
ambient temperature levels under light dark cycle 


Mean activity during 


Temperature (C) n 
nighttime daytime 
20 25 B22 Bi BV ise 
25 20 76.1+ 8.5 31.34+3.8 
30 15 165.2+28.0 47.6+9.4 


Note. Mean activity is calculated by averaging the 
total daytime or nighttime rocking movement of the 
substratum caused by the movement of an animal 
during 7 or more days. n, number of animals 
examined. Ambient temperature mainly affected 
the nighttime activity. For further explanations see 
text. 


the change in the temperature level (ANOVA, P 
>0.25). The change in activity level occurred 
immediately after the ambient temperature was 
shifted. At 20°C, the nighttime activity was below 
the daytime level: a diurnal activity pattern with 
brief sharp peaks at lights-on and -off was thus 
formed. 


Effects of ambient temperature levels on freerun- 
ning locomotor rhythm in intact animals 


The effects of ambient temperature levels on 
freerunning locomotor rhythms under constant 
lighting conditions were investigated in a total of 
68 intact animals. Many animals became formally 
arrhythmic with more or less continuous activity in 
LL. Although most of those arrhythmic animals 
were excluded from the analysis of the data, 
animals which partly showed the rhythmicity dur- 
ing the record and were subjected to the change in 
ambient temperature were included. Other ani- 
mals exhibited a clear nocturnal circadian rhythmic- 
ity in which only a nighttime activity peak in LD 
persisted as exemplified in Figure 2 (the record in 
LD was not shown); Unlike in LD, there was no 
animal showing a diurnal activity at 20°C. Twenty- 
three and 18 of them were subjected to the change 
in ambient temperature level under DD and LL, 
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Fic. 2. Change in freerunning period of adult crickets 
in response to a 5°C ambient temperature step in 
DD (A) and LL (B). The stepwise change in 
temperature is marked by an arrowhead. Black and 
white bars indicate the lighting regimen. The lines 
on the activity records have been included to facili- 
tate visual estimates of the freerunning period. 
After the temperature steps, marked phase shifts 
occurred with some transient cycles. 


respectively. 

The initial freerunning activity was usually un- 
imodal, but a splitting into two components was 
sometimes induced by a 5°C temperature step-up 
or -down in both lighting conditions (Fig. 3, Table 


TABLE 2. Occurrence of rhythm split 
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Fic.3. Two examples of splitting induced by 5°C 
temperature steps in animals freerunning in DD (A) 
or LL (B). The animals were held in 12 h light-12 h 
dark cycle for the first 6 (A) and 5 days (B), 
respectively. The stepwise change in temperature is 
marked by an arrowhead. Note that the two split 
components freeran with nearly the same period in 
the steady state. 


2); The splitting occurred more frequently in re- 
sponse to the step-down than to the step-up. 
Since, in the steady state, the two split components 
freeran with nearly the same period, the former 
component was selected for determination of the 


ting in response to 5°C temperature steps 


No. of animals with splitting 


5 in response to a 5°C step- No. of animals 
eeaiaalls a without splitting 
down up 
Intact in DD 23 4 3 16 
Intact in LL 18 5 1 12 
With unilateral OLR in DD 35 0 0 35 


Note. The data for LL include animals which partly showed the rhythmicity during the record and were 


subjected to the change in ambient temperature. 


DD, constant darkness; LL, constant light; OLR, optic 


lobe removal; n, number of animals examined. No splitting was induced by temperature steps in animals with 


optic lobe unilaterally removed. 
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TABLE 3. 
ambient temperature levels 


Mean freerunning periods (z) and activity levels (+SE) under various 


Temperature (‘C) n t (h) Activity level 
Intact animals in DD 
20 13 22.67 +£0.13 78.0+ 20.9 
25 45 23.89 +0.03 136.7+ 10.4 
30 10 24.19+0.10 196.7+ 30.9 
Intact animals in LL 
20 7 23.84 +0.37 280.4+ 116.2 
25 18 25.75 +0.15 206.2+ 67.4 
30 13 25.22+0.15 539.7 + 147.1 
Animals with unilateral 
OLR in DD 
20 25 22.58 +0.06 36.8+ 4.1 
25 42 23.87+0.03 113.6+ 7.0 
30 10 24.08 +0.12 188.0+ 21.0 


Note. The data for LL include animals which partly showed the rhythmicity during the 
record. Activity level was calculated by averaging daily total rocking movement of the 
substratum of the actograph caused by animal’s movement during 7 or more consecutive 


days. For other exptanations see Table 2. 


freerunning period. 

In both DD and LL, r¢ showed a clear positive 
correlation with the temperature level (Table 3): it 
increased with the rising temperature, with an 
exception at 30°C under LL. The Qjo of rz, which 
was calculated as r59:c/ r39°c [c.f. 4], was 0.94 and 
0.95 in DD and LL, respectively. A positive 
correlation was also observed between the daily 
activity level and the temperature, although there 
was a large interindividual variation (Table 3). 

The change in temperature level sometimes in- 
duced clear phase-shifts of the freerunning rhythm 
with several transient cycles (Fig. 2). The shifts 
were mostly delaying in temperature step-down 
(Fig. 4A), while mainly advance shifts occurred in 
temperature step-up (Fig.4B). Since a limited 
number of data were available, it is unclear that 
the shifts are dependent on the circadian time of 
the temperature shifts. 


Effects of ambient temperature levels on freerun- 
ning locomotor rhythm in animals with the lamina- 
medulla complex unilaterally removed 


In 42 adult males with the lamina-medulla com- 
plex of the optic lobe, the circadian pacemaker 
locus [24], unilaterally removed, the effects of 5°C 
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Fic. 4. Phase-shifts of locomotor rhythms induced by a 
5°C temperature step-down (A, C) or -up (B, D) 
plotted as a function of circadian time at which the 
temperature step was given. A and B are for the 
intact animals and C and D for the animals with 
unilateral OLR. Closed and open symbols corres- 
pond to the individual data points obtained in DD 
and LL, respectively. For further explanations see 
text. 


step-down from 25°C to 20°C or of 5°C step-up 
either from 25°C to 30°C or from 20°C to 25°C 
were examined under DD. The rand the phase of 


602 M. IKEDA AND K. TomioKAa 


their locomotor rhythm changed in response to the 
change in temperature similarly to those observed 
in intact animals (Table 3, Fig. 4C, D); The magni- 
tude of phase shifts was rather smaller than that of 
intact animals. The zt and the daily activity in- 
creased with the increase in temperature levels. 
The +z was slightly shorter than that of intact 
animals. The activity pattern was always unimodal 
and no splitting was induced by the temperature 
steps (Table 2). 


DISCUSSION 


Temperature dependency of freerunning periods 


The present results confirm the principle of 
temperature compensation of the freerunning 
period [17] for this cricket. The Qo was 0.94 and 
0.95 in DD and in LL, respectively, for the intact 
animals and 0.94 in DD for the animals with a 
lamina-medulla complex unilaterally removed. 
The Qos smaller than 1.0 might be considered 
overcompensated. The result is very similar to that 
obtained for cockroaches Leucophaea maderae 
within the range of temperature between 20°C and 
30°C [2]. The fact that the z very close to, but 
deviating from, unity implies that the ambient 
temperature has potentially large and functionally 
significant effects on the circadian system [6, 30]. 
The slight dependence of zt on the temperature in 
G. bimaculatus was a monotonic function of the 
temperature in DD but rather non-monotonic in 
LL in the range examined in this experiment. This 
finding suggests that light and temperature interact 
on the circadian system in affecting the period. 
These two exogenous factors may influence the 
system in different ways, or may regulates the 
sensitivity of the system to one another, as have 
been suggested by Tokura and Aschoff [18]. De- 
tailed analysis of temperature dependency of rz 
would give some cue to uncover the physiological 
mechanism of the temperature compensation, 
which is still a controversial question in studying 
the circadian clock [5, 15]. 

Theoretically, the change in 7 gives rise to the 
change in the phase angle relationship between the 
circadian rhythm and the light cycle [1]. However, 
in the present experiment, no clear change in the 


phase angle relationship was observed when the 
phase reference point was set at the activity onset. 
This may be partly attributable to the negative 
masking of light at the late light phase. 


Temperature dependency of activity level 


The ambient temperature also greatly affects the 
activity level in various lighting conditions: the 
activity level mostly increased with increasing 
temperature. In LD the effect was restricted on 
the nighttime activity, however. This phase de- 
pendency of activity modulation indicates that the 
temperature rather regulates the locomotor activ- 
ity through the circadian system than directly 
control it. 

Under photoperiodic conditions the adult crick- 
ets formally became diurnally active instan- 
taneously after the step-down of temperature to 
20°C. Several explanations may be possible for 
this rhythm reversal. First, one could imagine that 
the pacemaker phase-shifts by 180° in response to 
the change in temperature. The second possibility 
is that the temperature acts in changing the cou- 
pling between the circadian clock and the locomo- 
tor activity. However, these possibilities are un- 
likely since that the activity peak became weak but 
still clearly conserved the previous phase under 
DD (Fig. 2A). A more plausible explanation may 
incorporate the masking effect of the light cycle: 
darkness suppresses the activity during the subjec- 
tive night. This effect of light cycle is apparently 
temperature dependent, since the activity in the 
nighttime increased at 30°C on the contrary. The 
mechanism of this temperature dependent change 
in the masking effect of light remains to be eluci- 
dated. 

The temperature dependent change in activity 
rhythm under photoperiod conditions has been 
reported in several insects such as silkmoths 
Antheraea pernyi [27], mosquitoes Culex pipiens 
pallens and C. p. molestus [3], and crickets Tele- 
ogryllus commodus [8]. Most of these authors 
discuss the issue of seasonality and the benefit of 
reproductive behavior. In addition to these, it may 
be also possible to presume that the cricket has a 
preference of ambient temperature level (may be 
higher than 20°C) and acts during the daytime 
when it is usually warmer than the night in the 
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cooler season. In fact, the cricket shows a diurnal 
activity under the cycle of 12 h warm (25°C) day 
and 12 h cool (20°C) night (Tomioka and Furu- 
bayashi, unpublished data). 


Phase shifts induced by temperature steps 


The step-wise change in temperature often re- 
sulted in phase-shifts of the freerunning rhythm in 
both intact animals and animals with the lamina- 
medulla unilaterally removed (Fig. 4). The change 
was often associated with transient periods before 
the steady state was established, indicating the 
involvement of the shifts of the circadian pacemak- 
er. The phase shifts induced by the step-wise 
temperature change are well known by the reports 
for Drosophila eclosion rhythm by Zimmerman et 
al. [30]. They reported that the temperature 
step-down and -up caused phase-delay and -advan- 
ce, respectively. However, in the present experi- 
ment, the step-up induced phase shifts in both 
directions, although the step-down properly 
caused delay shifts (Fig. 4). Zimmerman et al. [30] 
also demonstrated in their elegant experiments 
that the shifts are induced by a temperature sensi- 
tive oscillation that is primarily entrained to a light 
sensitive and temperature-insensitive clock, since 
the shifted rhythm soon returned to the phase 
previously to the temperature change. A tempera- 
ture sensitive slave clock(s) has also been assumed 
in the central brain in crickets (7. commodus [14]) 
and cockroaches (Leucophaea maderae [12]). In 
the present results, the temperature step shifted 
the rhythm permanently, as did the low tempera- 
ture pulse in T. commodus [8]. Therefore, the 
following two alternative possibilities are both 
plausible for the mechanism underlying the phase 
shift: (i) the circadian pacemaker, which is located 
in the optic lobe and drives the locomotor rhythm 
[22, 24], is sensitive to temperature, and (ii) the 
presumed temperature-sensitive clock, if any, can 
entrain the optic lobe pacemaker. Further critical 
experiments are required to clarify this issue. 

The magnitude of the phase shift was greater in 
intact animals than in animals with unilateral 
OLR. The difference may be partly attributable to 
the mutual interaction between the two pacemak- 
ers [20, 26]. Since no difference between intact 
animals and animals with unilateral OLR can be 


detected in the light-induced phase shifts [9], it is 
likely that temperature affects the circadian system 
in the different way from light. 

There are many instances that the temperature 
cycle acts as a zeitgeber to entrain the insect 
circadian rhythm (cockroaches, L. maderae [12, 
16]; crickets, T. commodus [14]; fruit flies, D. 
pseudoobscura [30]). Probably the phase-shifting 
ability of the temperature step revealed in the 
present experiment suggests that the temperature 
cycle would be a zeitgeber in the cricket G. 
bimaculatus as well. 


Splitting induced by temperature steps 


The temperature steps sometimes induced the 
splitting of the activity rhythm into two compo- 
nents in constant lighting conditions (Fig. 3, Table 
2). Two alternative explanations are possible for 
the underlying mechanism. They are that the two 
optic lobe circadian pacemakers have their own 
sensitivity to temperature steps, and that tempera- 
ture steps change the coupling between the optic 
lobe pacemaker and the secondary oscillators, 
which are presumably located in the central brain 
mass and likely control the locomotor activity [19, 
23]. The former explanation seems more likely 
since that no splitting was induced when the optic 
lamina-medulla complex was unilaterally re- 
moved. It is probable that the two pacemakers are 
directly or indirectly sensitive to the change in 
temperature and the resulted abrupt change in 
phasing defeat the weak coupling between the 
pacemakers [20, 26, 29]. 
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Acetylcholine Stimulates the Inhibited Acetylcholinesterase 
Activity in the Brain of a Snakehead, Channa punctatus 
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ABSTRACT— Administration of Lomustine, a nitrosourea drug, at a dose of 2 mg/fish/day for 3 days 
significantly inhibited (P<0.01) brain acetylcholinesterase (AChE) activity of Channa punctatus, a 
snakehead fish. This inhibition was removed by acetylcholine (ACh) (1.8 mg/fish/day). Interestingly, 
ACh administration alone greatly stimulated (58%) AChE activity. Jn vitro incubation of fish brain 
slice with varied concentrations of Actinomycin-D (3.5xX10-°M, 3.5X10-°M and 3.5x10~’M) 
inhibited AChE in a dose dependent manner which was also reversed by ACh. Monitoring of protein 
synthesis in the brain slice indicated that the inhibitory effect of Actinomycin-D could be effectively 


overcome by ACh. 


ACh stimulated ‘*C-leucine incorporation into fish brain protein which was 


inhibited by Actinomycin-D. Findings indicate a correlation between ACh stimulation of AChE 
activity and increased incorporation of '*C-leucine into brain protein. 


INTRODUCTION 


Acetylcholine (ACh) is a well-known neuro- 
transmitter, which normally causes the transmission 
of nerve impulse through cholinergic synapses. 
Due to anticholinesterase poisoning by organo- 
phosphates and carbamates, ACh is accumulated 
in the synaptic regions [10, 12, 13]. It has been 
reported earlier that pesticide treated fish [6] have 
a higher level of ACh in the btain than that in the 
untreated animal. It has also been shown that 
greater accumulation of ACh in the brain of pesti- 
cide treated fish leads to faster rate of recovery of 
AChE [6] and a dose dependent increase of AChE 
activity was noted with increasing concentrations 
of exogenously administered ACh [9]. Thus, a 
pertinent question arises as to how this stimulation 
occurs in the fish brain. To answer this, we have 
designed two experiments. In the first in vivo 
experiment we have observed the AChE activity in 
the brain of a fish subjected to intramuscular 
injections of Lomustine, an inhibitor of protein 
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synthesis which crosses the blood brain barrier. In 
the second in vitro experiment the inhibitory effect 
of Actinomycin-D on AChE activity and protein 
synthesis in brain slices of the fish was studied to 
explain the plausible mechanism related to ACh 
stimulated AChE activity. 


MATERIALS AND METHODS 


Aminals 


Adult, healthy, laboratory acclimatized murrel, 
Channa punctatus (Bloch) (Channidae, Perici- 
formes), of average length 15+3 cm and average 
weight 35+5 g were maintained in batches of ten 
in glass aquaria (60*3030cm) containing 30 
liter of tap water. The water had the following 
characteristics: pH 7.6-7.8; temperature 28-30°C; 
dissolved oxygen concentration 8-10 ppm; dis- 
solved carbon dioxide concentration 3-4 ppm; 
alkalinity 34-36 ppm as carbonate and 180 ppm as 
bicarbonate; hardness 130 ppm as CaCO; and tur- 
bidity 2.8-3.0 N.T.U (Nephelometric turbidity 
unit). The fish were fed with a mixture of goat 
liver and commercial fish food (Shalimar, Bom- 
bay) throughout the experimental period. A con- 
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current control was always maintained under iden- 
tical conditions. 


Experimental protocol 


Four experiments, one in vivo and three in vitro, 
were designed: 


a) In vivo experiment 


Lomustine administration The  nitrosourea 
drug Lomustine (1-(2-chloroethyl)-3-cyclohexyl-1- 
nitrosourea; C.C.N.U.Capsule, Abic Ltd, Israel) 
is known for its DNA suppressive action in all 
stages of the cell cycle blocking the pathway of 
protein synthesis in the brain [1]. Lomustine 
dissolved in 0.1 ml of 0.6% NaCl vehicle was 
injected intramuscularly at the dose of 2 mg/fish/ 
day for 3 days. Control fish were injected with an 
equal volume of the vehicle. In another experi- 
ment, acetylcholine (BDH, Poole) was injected 
(1.8 mg/fish/day) intramusclarly in (i) 72 hr 
lomustine treated fish and (ii) fish without any 
treatment for 3 days. Fish were sampled 48 hr and 
72 hr after administration of Lomustine and 72 hr 
after injection of ACh. The respective brains were 
assayed for AChE activity. 

AChE activity was measured spectropho- 
tometrically [5] at 405 nm (Shimadzu, Kyoto, DB 
VU-190) using acetylthiocholine iodide (Sigma, St. 
Louis, MO) as the substrate and Ellman’s reagent, 
5,5’-dithiobis-2-nitrobenzoic acid (Sigma, St. Luis, 
MO) as the thiol indicator. Enzyme activity was 
expressed as «mole thiocholine produced/min/mg 
protein. Total protein was determined by the 
method of Lowry et al. [11] using bovine serum 
albumin as the standard. 


b) In vitro experiments 


Prior to setting up the following experiments the 
brain slice was checked for AChE activity at 1, 2, 3 
and 4hr of incubation. It was noted that the 
activity remained constant during the 3 hr of in- 
cubation period, while it decreased marginally 
after 4th hr of incubation. Therefore, the time of 
all in vitro incubations was fixed at 3 hr. 

i) Effect of Actinomycin-D on AChE activity 
The region of the brain taken for the in vitro study 
is the optic lobe, the importance of which lies in its 
highest AChE activity as observed in the present 


work (unpublished data). About 80-100 mg of the 
cleaned optic lobe was weighted and placed in 
sterile crytubes (NUNU, model No. 363452) con- 
taining 1 ml incubation medium [3]. The medium 
had the following composition: 141 mM NaCl, 5 
mM KCl, 6mM glucose, 2mM CaCl, 2mM 
MgCl, 8 mM tris buffer, 5 mM NaHCOs, 0.4 mM 
NaH>PO, gassed with 95% Oy and 5% CO, and 
the pH was adjusted to 7.6. All in vitro incuba- 
tions were carried out in 1 ml of medium contain- 
ing 141mM NaCl, 5mM KCl, 6mM glucose, 2 
mM CaCh, 2mM MgCl, 8 mM tris buffer, 5 mM 
NaHCO3, 0.4mM NaH,PO, supplemented with 
the following amino acids-Ala, Val, Ile, Pro, Phe, 
Trp, Met, Lys, His, Gly, Ser, Thr, Cys, Tyr, Asp, 
Glu and Arg at a 1:1 ratio, with the final concen- 
tration of these amino acids being 1 mM and the 
pH being adjusted to 7.6 [2]. 

Incubations were made in triplicate with three 
different concentrations of Actinoraycin-D (Sig- 
ma, St. Louis, MO; 3.5x10~°M, 3.5x10°°M 
and 3.510’ M) for 30, 60, 90, 120, 150 and 180 
min in a continuous back and forth shaking bath 
(30 cycles/min) at 30°C. A control (without 
Actinomycin-D) incubation was also carried out at 
identical conditions. After each interval, a set of 
tubes was removed and the brain slice 
homogeneized, and an alliquot was assyed for 
AChE activity [5]. 

ii) Effect of ACh on Actinomycin-D inhibited 
AChE activity The brain slices in the medium, as 
previously mentioned, were pretreated with 
Actinomycin-D at a concentration of 3.5x 10° M 
for 1 hr. Then, ACh was added at various concen- 
trations from 45 ng to 360 ug/tube and further 
incubated for 2hr. The brain slice was then 
homogenized and assayed for AChE activity. 

iii) /*C-leucine incorporation into the protein of 
brain slices To ascertain the stimulatory effect of 
ACh, in vitro incorporation of '*C-leucine into the 
pelleted protein of brain slice was followed in four 
groups. The first group of brain slice with ‘*C- 
leucine (specific activity 1.065x10!° Bq/mmole, 
Bhabha Atomic Research Centre, India) and with- 
out ACh was kept as control and incubated for 3 
hr. The second group of brain slice with ACh and 
C-leucine added simultaneously was incubated 
for 3hr. In the third set the brain slice was 
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incubated for 3 hr with Actinomycin-D and “C- 
leucine added together. In the last set of brain 
slice ACh, Actinomycin-D and 'C-leucine were 
added simultaneously and incubated for 3 hr. In 
all these experiments the concentrations of Acti- 
nomycin-D (3.5X10-°M), ACh (1 umole) and 
“C-leucine (0.5 wCi) per incubation were kept 
constant. 

The incubations were terminated by placing the 
tubes in ice. The brain slices were collected and 
subsequently homogenized in | ml phosphate buf- 
fered saline (10 mM; pH 7.6) to which 1 ml of ice 
cold 20% TCA was added and kept in an ice bath 
for 15min. The pellet obtained after centrifuga- 
tion at 3000 x g for 10 min was washed first with ice 
cold 10% TCA followed by a second wash in ice 
cole 5% TCA containing 1 mM cold leucine. The 
final pellet was suspended in 500 wl of 1 N NaOH 
and kept at 80-90° for 30 min. The samples were 
then transferred to scientillation vials and sub- 
jected to liquid scintillation counting (LSS-20, 
ECIL, India) by adding 10 ml of toluene-based 
scientillation fluid containing PPO (2, 5 diphenyl 
oxazole) and POPOP [1-4{2(5 phenyl-oxazoly]) | 
benzene]. Protein content was determined accord- 
ing to Lowry etal. [11] using bovine serum albumin 
as the standard. 

The data were subjected to one way analyses of 
variance (ANOVA) where F values indicated 
significance. Means were further compared by 
post hoc multiple range test and were also found 
significant. 


RESULTS 


The administration of Lomustine was found to 
inhibit the brain AChE activity by 22% and 35% at 
48 hr and 72hr after injection respectively, in 
comparison to that of the control (Table 1). Upon 
exogenous administration of ACh, the AChE 
activity significantly increased as compared with 
the control (P<0.01). Furthermore, the inhibitory 
effect of Lomustine on AChE activity was re- 
moved by ACh. 

When the brain slices were incubated with three 
differnet concentrations of Actinomycin-D (3.5 x 
10-°M; 3.5x10-°M and 3.5x10~7M) for 30, 
60, 90, 120, 150 and 180 min, the inhibition of the 


TaBLE 1. Effects of Lomustine and ACh on AChE 
activity in the brain of Channa punctatus 


ymole thiocholine 


System liberated/min/mg 
protein 
Saline control 0.66+0.031 
Lomustine 48 hr 0.52 +0.027* 
Lomustine 72 hr 0.43 + 0.025* 
Saline control+ ACh 72 hr 1.05+0.041* 
Lomustine 72 hr+ACh 72 hr 0.78 + 0.037* 


Values are means of four samples. Asterisks de- 
note a statistically significant difference from control 
values at P<0.01 level. 
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brain AChE activity was found to be time- and 
dose-dependent (Fig. 1). 

Figure 2 depicts the in vitro effect of increasing 
concentration of ACh (0.25 to 2 mole) on 
Actinomycin-D inhibited AChE activity, which 
augmented significantly up to 1 w~mole of ACh in 
the incubation media. However, further increase 
of ACh to 2 ymole in the incubation media had no 
additive effect on the enzyme activity. 

'4C_Jeucine incorporation into the total protein 
demonstrated a highly significant (P<0.01) in- 
crease when the brain slice was incubated with 
ACh (Fig. 3). In contrast, incubation of the brain 
slice with Actinomycin-D for 3 hr inhibited the 
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Fic. 3. Brain slices incubated under various conditions 
with Actinomycin-D (3.5 x 10-°M) and ACh (1 
pmole) to monitor 44C_leucine (0.5 Ci) incorpora- 
tion into TCA precipitable protein. 1. Brain slice + 
14C_Jeucine incubation 3hr; 2. Brain slice+ ACh 
+14C_leucine incubation 3 hrs; 3. Brain slice + Acti- 
nomycin-D + '*C-leucine incubation 3hr. 4. Brain 
slice + ACh + Actinomycin-D + *C-leucine incuba- 
tion 3hr. The horizontal bars denote the mean+ 
S.E. of four determinations. 


incorporation by 50% (P<0.01; Fig. 3). Further- 
more, a 3hr incubation of brain slice with ACh 
removed the inhibitory effect of Actinomycin-D 
very effectively (P< 0.005; Fig. 3). 


DISCUSSION 


Sublethal Furadan (Carbofuran) exposure was 
found to lead to a series of events in the brain of 
Channa punctatus [9]. Jash et al. [9] demonstrated 
(a) dose-dependent inhibition of AChE activity 
during the exposure period, (b) faster rate of 
recovery of the inhibited AChE after removal of 
Carbofuran exposure, (c) protection of AChE by 
the accumulated ACh against the inhibitor present 
in the blood circulation, and (d) enhancement of 
AChE activity by exogenous ACh administration. 

Low concentrations of Carbofuran produced a 
delayed toxic effect in two air-breathing freshwater 
teleosts namely, Channa punctatus and Anabas 
testudineus [7]. On the other hand, a higher dose 
of Carbofuran resulted accumulation of ACh in 
the brain, which protected the enzyme from furth- 
er inhibition by circulating inhibitors [7]. Higher 
concentration of Phenthoate treatment similarly 
caused ACh accumulation and a faster rate of 
recovery of the enzyme in fish [8]. 

All these previous results clearly indicate a 
definite stimulatory role of ACh on pesticide inhi- 
bited AChE activity. This stimulation could be 
due either to synthesis of the enzyme or to direct 
activation of inhibited AChE. It is known that 
AChE activity is inhibited by high substrate con- 
centration because at high concentration, the sub- 
strate (ACh) combines with the alcohol binding site 
of the acylated enzyme, retarding deacylation [4]. 
Hence stimulation of AChE activity by ACh may 
not be due to direct activation of the inhibited 
enzyme. In the present study optimal substrate 
concentration stimulates AChE activity even in the 
presence of Actinomycin-D. This appears to be 
very surprising. Our contention is ACh blocks the 
inhibition of transcription by Actinomycin-D 
which resulted in an increase in enzyme protein 
synthesis. 

Secondly, in the experiment with Lomustine 
administration, the inhibition of AChE activity 
recovered only after exogenous administration of 
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ACh. This experiment also lends support to our 
contention that increase in inhibited AChE activity 
is effected by higher enzyme protein synthesis. 
Furthermore, inhibited incorporation of '“C- 
leucine into protein of Actinomycin-D treated fish 
brain is also stimulated by ACh. Since ACh 
augmented AChE activity, the increase in 'C- 
leucine incorporation to brain protein temped us 
to correlate these two events. 

We have not purified the protein synthesized in 
response ACh and therefore it is not possible to 
give the amount of augmented “C-leucine incor- 
poration that ths been directed towards the AChE 
protein. However, the possible chemical interac- 
tion of ACh with Actinomycin-D throws some 
light on our contention. The alcoholic group in 
ACh may react with the phenoxazone ring system 
of Actinomycin-D to undergo esterification. The 
esterified phenoxazone is unable to intercalate 
between GC pairs in the DNA. Thus the inhibi- 
tion of protein synthesis caused by Actinomucin-D 
may be reversed by ACh augmenting “C-leucine 
incorporation to enzyme protein. 
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Increased Expression of Cofilin in Denervated 
Chicken Skeletal Muscle 
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ABSTRACT—Neonatal or adult chicken fast pectoralis (breast) muscle (PM) was denervated and at 2- 
8 weeks after the operation, the cofilin expression was examined by three different methods; 
immunoblotting, immunocytochemistry and Northern RNA blotting. Since cofilin expression is 
down-regulated during normal postnatal development of PM (Abe et al., J. Biochem. 106: 696-702, 
1989), cofilin was detected in the adult muscle only in a small amount. When PM of neonatal chicken 
was denervated at 2 days after hatching, the amount of cofilin in the muscle was maintained at a high 
level through postnatal development. In the case of adult muscle denervation, cofilin expression was 
remarkably increased in 2 months after denervation. In order to localize cofilin in individual muscle 
fibers, the cryosections of the denervated muscle were examined with anti-cofilin antibody (MAB-22). 
The antibody stained the majority of cells of different size, indicating that cofilin expression was induced 
in the regenerating muscle cells as well as in the pre-existing myofibers. We suggest that cofilin is 
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involved in reorganization of actin in the denervated muscle. 


INTRODUCTION 


It has been pointed out that neural regulation is 
indispensable in establishing and maintaining the 
structure and function of skeletal muscle normally 
[for review, see 11, 12]. When skeletal muscle is 
denervated, muscle atrophy becomes evident in 
several weeks, and concomitantly, degeneration of 
the contractile apparatus occurs [8]. In addition, 
marked alteration in the expression of muscle 
protein isoforms is brought about; for example, in 
denervated chicken fast pectoralis (breast) muscle 
(PM), the expression of slow-type C-protein [14, 
23], 8-tropomyosin [17, 21] and leg-type troponin 
T variants [21, 28] is induced, although normally 
these proteins are transiently expressed in PM only 
at young developmental stages [16, 20, 22]. There- 
fore, the constituents of myofibrils become re- 
placed with the newly synthesized proteins in the 
denervated muscle [24]. Redistribution or re- 
assembly of contractile proteins may occur in the 
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denervated muscle. The detailed process of reor- 
ganization of contractile proteins and the regula- 
tory mechanism of the process remain to be 
clarified. 

Cofilin is an actin-binding protein of about 20 
kDa on SDS-PAGE that binds to both G- and 
F-actin, modulates actin assembly in a pH- 
dependent manner, and inhibits binding of tro- 
pomyosin to F-actin [19, 33]. Although it was 
originally discovered in mammalian brain [19], its 
wide distribution among various muscle and non- 
muscle tissues has been observed [2]. Cofilin 
cDNA cloned from embryonic chicken skeletal 
muscle exhibited high sequence homology with 
that in mammalian non-muscle tissues [3, 18]. In 
chicken, it is detectable more abundantly in muscle 
tissues, especially in smooth muscle [2], while it 
appears scarce in mammalian striated muscles [34]. 
It has been demonstrated that cofilin is enriched in 
embryonic muscle and makes a complex with 
G-actin in'the cytoplasm, and thereby, maintains a 
G-actin pool in the developing muscle [2] together 
with the other actin binding proteins, actin de- 
polymerizing factor (ADF) [1, 4] and profilin [25]. 
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In this study, we observed that cofilin expression 
is remarkably enhanced in denervated muscle at 
both mRNA and protein levels, suggesting that 
cofilin may be involved in regulating actin dyna- 
mics in the denervated degenerating muscle. 


MATERIALS AND METHODS 


Muscle source 


The central and superficial white region of PM 
(musculus pectoralis major) of White Leghorn was 
used to avoid regional difference in muscle fiber 
types [10]. Denervated muscles were prepared by 
cutting the brachial plexus of adult chicken at 2 
days or 2 months after hatching on one side as 
described [21]. To avoid reinnervation, the pro- 
ximal cut end was sutured to the surface skin of the 
back. The muscle was taken at 2-8 weeks after the 
operation. The contralateral muscle without op- 
eration was used as a control. 


Antibodies 


The monoclonal antibodies to cofilin (MAB-22) 
[2] and fast-type C-protein (FC-18) [13] have been 
described. The monoclonal antibodies specific for 
fast- (MF-1) and slow- (ALD-66) C-protein iso- 
forms [26] were kindly provided by Dr. D. A. 
Fischman (Cornell University Medical College). 
Peroxidase (HRP)-labeled and Fluorescein (FITC) 
goat anti-mouse IgG (GAM) was purchased from 
Bio-Rad (Richmond, California) and Tago (Burl- 
ingame, California), respectively. 


Immunoblotting 


SDS-polyacrylamide gel electrophoresis (SDS- 
PAGE) was performed using 13.5% polyacryla- 
mide gel in a discontinuous Tris-glycine buffer 
system [15]. Proteins were electrophoretically 
transferred from SDS-polyacrylamide gel to nit- 
rocellulose paper by the method of Towbin et al. 
[30]. The nitrocellulose paper was treated with 3% 
gelatin, incubated with the antibodies for 1 hr, and 
then treated with peroxidase-labeled GAM for 1 
hr. After the immunoreaction, the paper was 
washed with 0.5 M NaCl containing 10 mM Tris- 
HCl, pH7.5. Peroxidase-GAM bound to the 
paper was detected as the diaminobenzidine reac- 


tion product with nickel and cobalt ions as de- 
scribed by De Blas and Cherwinski [7]. 


Indirect immunofluorescence microscopy 


Freshly dissected neonatal chicken PM was 
frozen in liquid nitrogen-cooled isopentane, and 
serial transversed cryosections were cut at 12 um 
and rapidly air-dried. The sections were fixed with 
4% paraformaldehyde in phosphate-buffered 
saline (PBS) for 20 min at room temperature and 
with ice-cooled methanol for 5 min, and then 
washed with PBS containing 10mM_ glycine. 
Pieces of adult chicken PM were fixed with 4% 
paraformaldehyde in PBS for 30min and with 
100% acetone for 15min at 0°C. They were 
infused with 20% sucrose-PBS and frozen in liquid 
nitrogen-cooled isopentane. Serial transversed 
cryosections were cut at 10 ~m and washed with 
PBS-10mM_ glycine without air-drying. The 
cryosections were treated with PBS/2% bovine 
serum albumin (BSA), exposed to the antibodies 
to cofilin or C-protein, and then reacted with 
fluorescein-labeled goat anti-mouse IgG (GAM). 
The antibody reaction was performed for 60 min at 
room temperature. The specimens were mounted 
in 10mg/ml p-phenylenediamine-90% glycerol- 
10% PBS, pH 8.0. 


RNA blot analysis 


RNA was prepared from the skeletal muscle by 
the single-step acid guanidium thiocyanate-phenol 
chroloform extraction method [6]. RNA gel elec- 
trophoresis and hybridization were performed as 
described [29]. The filter was hybridized using 107 
cpm of *’P-labeled cofilin cDNA probes (pCMC- 
16) [3] and washed in several changes of 0.1 
SSC/0.2% SDS at 60°C. 


RESULTS 


As previously reported [2], cofilin was detected 
in developing chicken PM by immunoblotting with 
the specific anti-cofilin antibody (MAB-22), but 
the relative proportion of cofilin among muscle 
proteins, especially as compared with actin 
amount, decreased significantly with age during 
normal development of PM (Fig. 1; b-d and g-1). 
However, when PM was denervated at 2 days after 


Fic. 1. 
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Immunoblot analysis of cofilin expression in developing normal and denervated chicken PM. Neonatal 

chicken were denervated at 1-day post-hatch and the pieces of PM were taken from the denervated side as well as 


from the control side without operation at 20-day and 1-month after surgery. Proteins were extracted with an 
SDS-solution from the muscle pieces and applied to SDS-PAGE. Sample amount was adjusted so that the same 
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wet weight of the tissue was in each lane. 
staining with Coomassie Brilliant Blue. 
anti-cofilin antibody (MAB-22). 
post-hatching without denervation; d and 1, 


post-hatching with denervation; f and k, 1 month post-hatching with denervation. 


bands detected by MAB-22. 


hatching, the amount of cofilin in PM was main- 
tained at a high level through postnatal develop- 
ment; the amount was even higher than that in the 
normal muscle at the neonatal age (Fig. 1; j and 
k). 

The cryosections of PM of 1-day post-hatched 
chicken were clearly stained with MAB-22 (Fig. 2; 
a), but at 2-weeks after hatching, the same muscle 
became immunocytochemically almost negative 
with MAB-22 (Fig. 2; d). Previous studies demon- 
strated that the neonatal PM is in an immature 
state as judged by types of muscle protein isoforms 
[for review, see 9, 12 and 29]: for example, the 
muscle cells in neonatal PM express both slow- and 
fast-type C-proteins, while the cells in the adult 
PM do only fast-type C-protein (Fig. 2) [20, 26]. 
The expression of the slow protein isoform becom- 
es suppressed in about 2 weeks post-hatch (See 
Fig. 2-b; c, e and f). Decrease in the expression of 
cofilin seems to occur in parallel with the C-protein 
isoform switching during postnatal maturation of 
PM. In the neonatally denervated PM, however, 
slow-type C-protein was detectable in the majority 
of the cells, suggesting that PM remained imma- 
ture, and cofilin was also clearly detected in almost 


The left panel denotes the electrophoresis patterns visualized by 
The right panel denotes the patterns of immunoblotting stained with 
a, molecular weight markers; b and g, 1-day post-hatching; c and h, 20-day 
1-month post-hatching without denervation; e and j, 


20-day 
Arrow head indicates cofilin 


all the muscle cells by an immunocytochemical 
method (Fig. 2; g-i). 

It is known that when adult skeletal muscle was 
denervated, muscle atrophy becomes remarkable 
in several weeks. We found that cofilin expression 
was enhanced remarkably in adult denervated PM 
in about one month after denervation. Figures 3 
and 4 show an example of 2 months after denerva- 
tion of adult chicken PM. The results of immunob- 
lot analysis of proteins (Fig. 3) and Northern blot 
analysis of RNA (Fig. 4) are demonstrated. Both 
cofilin protein and cofilin mRNA were clearly 
increased in the denervated PM in comparison 
with those in the control PM. Therefore, it is 
obvious that the increase in cofilin expression in 
the denervated muscle is regulated at the transcrip- 
tion process. 

In order to localize cofilin in individual muscle 
fibers of the denervated PM, cryosections were 
examined by an 
method. Alteration of the muscle cells in the 
denervated PM was monitored by using the slow 
C-protein isoform as a marker, since expression of 
this protein is induced by denervation of PM. 
Cryosection was carried out with the PM fixed with 


indirect immunofluorescence 
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Fic. 2. Immunocytochemical staining of serial cryosections of chicken PM of 1-day post-hatch (a-c) and 2-weeks 
post-hatch with (g-i) or without (d-f) denervation. The sections were stained with anti-cofilin antibody (MAB-22) 
(a, d, g), with anti-fast C-protein antibody (MF-1) (b, e, h) or with anti-slow C-protein antibody (ALD-66) (c, f, 
i), respectively. Bar, 100 um. 


Fic. 3. Immunoblot analysis of cofilin expression in 
denervated and contralateral adult chicken PM. 
Pieces of PM were taken from the denervated side 
(b and d) as well as from the control side without 
operation (a and c) at 2-month after surgery. Pro- 
teins were extracted with an SDS-solution from the 
muscle pieces and applied to SDS-PAGE. Equiva- 


a. — ~< lent amount (wet weight) of the tissue were applied 
eae eo 2 in each lane. a and b, electrophoresis patterns 
ell : ee visualized by staining with Coomassie Brilliant Blue; 
Sas : c-d, patterns of immunoblotting stained with anti- 


eT cofilin antibody (MAB-22). Arrow head indicates 
anabiesn Cand cofilin bands detected by MAB-22. 
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Fic. 4. Northern blot hybridization analysis of mRNA 


from denervated (b, d) and contralateral (a, c) PM. 
Fifteen micrograms of total RNA from the muscle 
pieces taken as in FIG. 3 was separated by elec- 
trophoresis in a denaturing formaldehyde/agarose 
gel, transferred to a nitrocellulose filter, and hybri- 
dized to **P-labeled pCMC-16 cDNA by nick trans- 
lation (lane c, d). The blot was then washed in 0.1% 
SSC, 0.2% SDS at 60°C. Ethidium bromide staining 
pattern of the electrophoresis to assure that almost 
the same amount of undegraded RNA samples were 
applied for the electrophoresis (lane a, b). The 
positions of 28S and 18S ribosomal RNAs are 
indicated. Arrow head indicates cofilin mRNA 
band detected by MAB-22. 


Fic. 5. Immunocytochemical staining of serial cryosections of adult chicken PM with (d-f) or without (a-c) 


denervation. Pieces of PM were taken as in FIG. 3. 


The sections were stained with anti-cofilin antibody 


(MAB-22) (a, d), with anti-fast C-protein antibody (FC-18) (b, e) or with anti-slow C-protein antibody (ALD-66) 


(c, f), respectively. Bar, 100 um. 
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paraformaldehyde and acetone, because in the 
case of adult PM, pre-fixation of the tissue made 
cryosection much easier and provided us with 
better results. It should be noted, however, that 
we obtained essentially the same results with the 
cryosections of unfixed adult PM as in the case of 
neonatal PM (Data not shown). The serial sec- 
tions were stained with anti-slow C-protein (ALD- 
66), anti-fast C-protein (FC-18) or anti-cofilin 
(MAB-22) antibody. FC-18 was used to detect 
fast-C-protein in place of MF-1 in this case, since 
the antigenicity of the MF-1 epitope was lost by the 
paraformaldehyde/acetone fixation. As shown in 
Fig. 5, the majority of the cells of different size 
which probably include regenerating muscle cells 
as well as pre-existing myofibers were stained with 
MAB-22, although the staining intensity varied. 
All of them were stained positively with both 
ALD-66 and FC-18, just as the muscle cells in 
neonatal PM [20]. The cells in the contralateral 
control muscle without denervation reacted posi- 
tively with FC-18 but not with ALD-66, and they 
were scarcely stained with MAB-22, indicating 
that cofilin content remains in a low level. 


DISCUSSION 


The results in this study shows definitely that 
expression of cofilin, an actin-binding protein, was 
increased markedly in the denervated adult chick- 
en PM. In the neonatally denervated PM, the 
expression at a high level as in the neonatal stage 
persisted during postnatal development. It is 
known that muscle denervation causes atrophy of 
muscle fibers and stimulates muscle regeneration 
somehow, and thereby, the muscle fibers decrease 
in size and restore the nature of neonatal immature 
muscle. Since regenerating muscle cells and 
embryonic muscle cells exhibit similar patterns of 
gene expression [27], it is very likely that cofilin 
expression is increased in the regenerating cells as 
in the embryonic cells. However, the increased 
cofilin in the denervated muscle can not be attri- 
butable simply to the regenerating muscle cells, 
because cofilin was detected clearly in the majority 
of the cells of different size in the denervated 
muscle which include regenerating muscle cells of 
small size as well as pre-existing large myofibers. 


Similar phenomena were observed in degenerating 
dystrophic chicken muscle (Data not shown). It 
has been demonstrated that the gene expression of 
several muscle proteins including myofibrillar pro- 
teins [14, 17, 21, 23, 28], acetylcholine receptors 
[31] and also myogenic factors [32] are profoundly 
affected by innervation to muscle cells. Here, we 
like to point out that the expression of the actin- 
binding proteins, like cofilin, which are involved in 
the regulation of the assembly of cytoskeletal 
elements, also differs remarkably between the 
muscles with or without innervation. 

According to previous electron microscopic 
observations, myofibrils become disorganized and 
contractile elements decrease rapidly in dener- 
vated muscle [8]. Contractile proteins may be 
disassembled more or less during the myofibrillar 
disorganization. However, the molecular mechan- 
isms of protein disassembly in the denervated 
muscle cells was poorly understood. Since cofilin is 
an actin-regulatory protein which binds to both G- 
and F-actin to modulate actin assembly and in- 
hibits binding of tropomyosin to actin filaments, it 
is very likely that the cofilin increased in the 
denervated muscle plays some important role in 
redistribution of actin and/or modulating its tur- 
nover during the myofibril disorganization. The 
detailed function of cofilin in muscle cells remains 
for further studies. The other actin-binding pro- 
teins, ADF and profilin, which are known to 
inhibit actin assembly in embryonic immature mus- 
cle together with cofilin, may be less important in 
the degenerating muscle, because our preliminary 
investigations showed that they do not increase in 
the denervated or dystrophic muscle. 
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ABSTRACT—The anal papilla epithelial cell at the mid-4th instar of Aedes togoi, a salt-water 
mosquito, was examined for ultrastructural changes in adaptation to deionized water or to highly 
concentrated artificial sea-water. Larvae were hatched in tap-water, and then transferred to one of the 
other media. In larvae which had been in either of the new media for the final 20 min before samples 
were collected, the response was adhesion of apposed apical infold membranes. In larvae which had 
been in concentrated sea-water for the final 3 hr, apical membranes and subcuticular matrices were 
endocytosed and digested by large and numerous lysosomes, and membrane surface was greatly 
decreased. In those which had 2.5 hr adaptation, in deionized water, many rough endoplasmic reticula 
and Golgi apparatus appeared, and mitochondria remained in the infolding area even in the presence of 
membrane adhesion. At 48 hr adaptation, adhesion was absent and membrane was increasing. The 
increase continued through longer periods of adaptation until, at 10 days, apical infoldings were 
producing secondary folds. These findings suggest that the anal papilla functions to resist influx of salt 
in an environment of high salt concentration, and to promote influx of salt in an environment of low salt 
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cocentration. 


INTRODUCTION 


The anal papilla is thought to be an active site of 
osmoregulation. Ultrastructure of its epithelial 
cell has been studied in larvae of Chironomidae [8, 
9] and of Culicidae for fresh-water species [7, 10, 
15, 21], and for salt-water species [11, 16, 17, 18]. 
In summary, these studies show that the anal 
papilla epithelium, in either fresh- or salt-water 
mosquito larvae, consists of a syncytial cell char- 
acterized by extensive infoldings of both apical and 
basal cell membranes and abundant mitochondria 
closely associated with these membranes. 

At first, anal papillae of salt-water mosquito 
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larvae were thought to be structures of low per- 
meability [6, 19, 20]. Pillips and Meredith [18], 
however, demonstrated ion-uptake activity and 
osmotic regulation in anal papillae of the salt- 
water species, Aedes campestris, when larvae were 
transferred to tap-water. 

For A. togoi, Meredith and Phillips [16] did a 
study on the anal papilla cell ultrastructure using 
normal larvae as they were in the tide-pool. Sohal 
and Copeland [21] compared ultrastructure of the 
papillar cell of Aedes aegypti, a fresh-water spe- 
cies, when larvae were raised in hypo-, iso-, and 
hyper-osmotic media. They observed the final 
stage of fresh-water larvae hatched and raised to 
the 4th instar in a saline solution. Changes that 
take place in different lengths of adaptation time 
are still unknown. 


as 
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The present study is concerned with morpholo- 
gical changes of the anal papilla epithelial cell of a 
salt-water species in different lengths of adaptation 
time to different salinities. 


MATERIALS AND METHODS 


The larvae used in this study are descendants of 
A. togoi originally collected by Matutani in a 
tide-pool on the west coast of Japan. Matutani has 
cultured more than 250 generations of these larvae 
in sea-water prepared according to Barnes’ data [5, 
12], feeding them on powdered yeast. In our 
experiments, the recipe for the artificial sea-water 
was modified to contain 2.5 fold concentration of 
each ingredient. 

For this study eggs were laid and hatched in 
tap-water, and larvae raised in tap-water for a 
period of two days to the beginning of the second 
instar. From the beginning of the second instar to 
the middle of the fourth, a period of ten days, 
some larvae were raised continuously in tap-water 
as controls. Other larvae were transferred at 
various times during this period from tap-water to 
either modified Barnes’ sea-water or deionized 
water, allowing periods of adaptation to these 
media to vary from 10 days to 20 min. Water for 
all larvae was changed once a day. Temperature 
was kept at 20+1°C throughout experiments. 

Larvae that were transferred adapted to their 
new medium without difficulty even though the 
transfer was abrupt. Larvae were fed once every 
24 hr a small amount of powdered yeast. This 
presumably added a small amount of salt to the 
medium. When larvae were in a medium for 23 hr 
or less, however, the medium was unaffected by 
food. 

All samples of anal papilla tissue were taken 
from larvae at the middle of the fourth instar, 
about 48 hr before pupation. Therefore cytologic- 
al features caused by ordinary cell differentiation 
accompanying metamorphosis were not observed. 
Samples were prepared for each of the three 
experimental media; 5 samples each from groups 
of larvae that had spent various times, ranging 
from 20 min up to 10 days. 

For transmission electron-microscope (TEM) 
examination, anal papillae were fixed at room 


temperature for an hour in Karnovsky’s phosphate 
buffered aldehyde mixture at pH 7.4. In order to 
facilitate the penetration of fixative from inside of 
anal papillae, a longitudinal cut was made on the 
posterior abdomen segments. Anal papillae were 
separated, washed with the same buffer, then 
postfixed for another hour in chilled, phosphate 
buffered 1% osmium tetraoxide. Thin epoxy resin 
sections were cut with LKB 8800 microtome, 
stained with 2.5% aqueous uranyl acetate followed 
by 2.5% lead citrate, and examined under Hitachi 
H-300 electron-microscope with acceleration vol- 
tage of 75 kV. 

For scanning electron-microscope (SEM) ex- 
amination, materials were fixed in the same man- 
ner as above. They were then dehydrated in 
increasing concentrations of ethanol followed by 
isoamyl acetate, then critical-point dried with h- 
quid carbon dioxide, coated with gold spattering, 
and examined under Hitachi S-800 microscope. 


RESULTS 


Fine structure of the anal papilla of larvae reared in 
tap-water 


There are 4 papillae around the anus. In mid- 
4th instar larvae reared in tap-water for 12 days 
after hatching, each anal papilla has the appear- 
ance of a conical hill approximately 0.1mm in 
diameter at the bottom and 0.1 mm in height (Fig. 
1). The cuticular surface is characterized by all- 
over ripples. Structure of the anal papilla epithe- 
lial cell is fundamentally the same as in other 
mosquito species. The papillar epidermis of A. 
togoi is a flat syncytial cell as suggested by Mere- 
dith and Phillips [16]. The nucleus has a rugged 
surface. Between the cuticle and the apical cell 
membrane, there is a subcuticular layer composed 
of a granular matrix. The apical cell membrane 
makes deep infoldings orientated perpendicularly 
to the cuticular layer. A flocculent material fills 
spaces between the infoldings (Fig. 4). Numerous 
microfilaments characterize the cytoplasm of the 
folds (Fig. 5). Many mitochondria are arranged in 
close contact with the infolding membrane. Rough 
endoplasmic reticulum (RER) and Golgi appar- 
atus are hardly observed. The cytoplasmic surface 
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Fics. 1-3. 
Fig. 1. 


From a larva reared in tap-water for 12 days after hatching. Anal papillae are in form of conical hills. 


The cuticular surface is rippled. Side veiw. Bar=0.1mm X270. 


Fig. 2. From a larva 2 days in tap-water and 10 days in sea-water. 


Papillae are flattened, resulting in a 


remarkable decrease of surface area. Ripples on the cuticular surface are not as conspicuous as in Fig. 1. Oblique 


angle view. Bar=0.1mm X270. 
Fig. 3. 


From a larva 2 days in tap-water and 10 days in deionized water. Papillae are blown up like balloons, 


resulting in an increase of surface area. Cuticular surface is conspicuously rippled as in Fig. 1. 90° angle view. 


Bar=0.1 mm X270. 


of the apical membrane is studded with particles 
smaller and less dense than ribosomes. 

The basal cell membrane also makes infoldings. 
These form a complex network extending to the 
level of the basal extremities of the apical infold- 
ings (Fig. 4). The basal lamina covers the basal 
surface of the cell towards the hemocoele. 
Tracheoles are often encountered between basal 
folds (Figs. 4 and 6). 


Morphological changes of the anal papilla epithelial 
cell in adaptation to concentrated sea-water 


In larvae reared in concentrated sea-water for 10 
days from the 2nd instar, anal papillae are very 
much flattened (Fig. 2) resulting in a remarkable 
decrease of the surface area. The cuticular surface 
becomes rather smooth. 

In larvae which had 20 min in concentrated 
sea-water (Fig.7), membrane-bound vacuoles 
appear in the cytoplasm between apical and basal 
infoldings, microtubles are prominent, and outer 
surfaces of neighboring apical infolding mem- 
branes adhere to one another. In larvae with 2.5 
hr in the new medium (Figs. 8 and 9), the cell 
appears to be characterized by a large amount of 
RER and many Golgi apparatus in the area 


peripheral to the nucleus. The nucleus has a 
smooth, round surface (Fig. 8). Membranes of 
apical infoldings together with subcuticular and 
interfold matrices become dense. Many dense 
lysosomes appear (Fig. 9). Apical infoldings are 
also shorter and thinner than in tap-water samples 
(cf. Fig. 4). Mitochondria are no longer among the 
apical infoldings. 

In larvae 4hr or more in sea-water, heter- 
ogeneous lysosomes and membrane-wrapped 
vacuoles are often encountered in the basal cyto- 
plasm (Fig. 10). These lysosomes are exocytosed 
into hemocoele. At 13 hr of adaptation to the new 
medium (Fig. 11) coated vesicles bulge out from 
the bottoms and sides of the apical membrane 
infoldings. These membrane bulgings are also 
observed in all experimental individuals which 
have experienced salt-water adaptation longer 
than one day. The apical membrane infoldings 
become less numerous while the basal membrane 
infoldings become more numerous as length of 
adaptation time increases. In individuals with 
10-days salt-water adaptation, basal membrane 
infoldings appear as stacks of lamellae in an intri- 
cate maze (Fig. 12). 


622 K. YAHIKA, K. MatTutTAnt et al. 


as in the 20 min sea-water adaptation samples. 
Mitochondria on the other hand remain among 
apical infoldings from the shortest to the longest 
In larvae reared in deionized water for 10 days _ periods of adaptation (Fig. 13) as they do not in 
from the 2nd instar (Fig.3), anal papillae are  sea-water samples. 
blown up like balloons resulting in marked in- In larvae which have been 2.5 hr in deionized 
crease of the surface area. Ripples on the cuticular water large amounts of RER and Golgi apparatus 
surface are remarkable as those in larvae rearedin _ appear all through the cytoplasm. They continue 


Morphological changes of the anal papilla epithelial 
cell in adaptation to deionized water 


tap-water. to appear through all longer periods of adaptation 
Distinctive features appear already within short _ (Fig. 13). 
periods of adaptation. In larvae which have spent In larvae which have been adapted for 48 hr to 


20 min in deionized water, cell membranes of deionized water, another morphological change 
neighboring apical infoldings adhere to each other occurs. Apical membranes no longer adhere to 


Fics. 4-6. TEM profiles of anal papilla epithlial cell from 4th instar larvae reared in tap-water after hatching. 
Fig. 4. Characteristic apical (ai) and basal infoldings (bi) of the cell membrane. Mitochondria (m) lie in the 
cytoplasm of both areas of infoldings. Free ribosomes are well distributed throughout the cytoplasm, but rough 
and smooth endoplasmic reticula as well as Golgi apparatus are scarcely seen. A tracheole (t) in tracheal cell is 
surrounded by basal infoldings. N: nucleus, np: nuclear pores cut to reveal enface view, bl: basal lamina, c: 
coelomic cavity, cu: cuticle, sb: subcuticular matrix, im: interfold matrix. Bar=1~m xX 13,600. 

Fig. 5. Apical infolding membranes. Cut is rather tangentially, except at bottom of figure, where cut is normal. 
Cytoplasmic surfaces are studded with fine particles (p) smaller and denser than ribosomes (r). One infolding 
shows the cytoplasm filled with microfilaments (f). These run parallel to the longitudinal axis of the infoldings. 
m: mitochondria, sb: subcuticular matrix, im: interfold matrix. Bar=1 “m x 43,000. 

Fig. 6. A tracheole (t) accompanied by microtubules (mt) in tracheal cell surrounded by basal infoldings (bi). 
Bar=1 “~m X 17,000. 

Fics. 7-12. Morphological changes of the anal papilla epithelial cell in adaptation to concentrated sea-water. All 
samples from 4th instar larvae. 

Fig. 7. From a larva which spent 20 min in sea-water. Round vacuoles (v) are remarkable between basal (bi) 
and apical infoldings (ai). Outer surfaces of apical infolding membrane appear to adhere to each other. mt: 
microtubule, cu: cuticle. Bar=1 “m x 12,000. 

Fig. 8. From a larva which had 2.5 hr in sea-water. Abundant rough endoplasmic reticula (rer) appear in the 
perinuclear cytoplasm. A few collapsing vacuoles (v’) can be seen. N: nucleus. Bar=1 “m X7,000. 

Fig. 9. From another individual 2.5 hr in sea-water. Golgi apparatus (G) are conspicuous. Apical infolding 
membranes are dense, short and thin. Lysosomes (1) are dense and large. Mitochondria (m) are not among apical 
infoldings. t: tracheole, cu: cuticle. Bar=1 um 7,000. 

Fig. 10. Basal cytoplasm from an individual 4 hr in sea-water. Heterogeneous lysosomes (1) and a membrane- 
wrapped vacuole (w) can be seen. Bar=1 um X7,500. 

Fig. 11. Apical area from an individual with 13 hr of adaptation. Coated vesicles (co) are seen, many of them 
bulging into the cytoplasm from sides and tips of apical infoldings (ai). rer: rough endoplasmic reticulum, mt: 
microtubule, cu: cuticle. Bar=1 ~m x 19,000. 

Fig. 12. Basal area from an individual with 10 days adaptation. Numerous slender basal infoldings (bi) make an 
intricate maze around mitochondria (m). t: tracheole, bl: basal lamina. Bar=1 4m 5,000. 

Fics. 13-15. Morphological changes of the anal papilla epithelial cell in adaptation to deionized water. All samples 
from 4th instar larvae. 

Fig. 13. From an individual with 23 hr of adaptation to the deionized water. Outer surfaces of the apical 
infolding membranes (ai) appear to adhere to each other (arrow). Rough endoplasmic reticulum (rer) and Golgi 
apparatus (G) are abundant in the cytoplasm. m: mitochondria, mt: microtubule, cu: cuticle, |: lysosome. Bar= 
1 wm X 10,300. 

Fig. 14. Tremendous increase of apical membrane surface gives rise to secondary folds (sf) at 10 days 
adaptation. ai: apical infoldings, cu: cuticle, im: interfold matrix, m: mitochondoria, sb: subcuticlar matrix. Bar 
=1ym 9,000. 

Fig. 15. Basal infoldings from a larva with 10 days of adaptation. Spaces between basal infoldings (bi) are 
largely distended. bl: basal lamina, m: mitochondria. Bar=1 um x 14,500. 
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Fics. 4-6. 
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Fics. 7-12. 
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Fics. 13-15. 
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each other. Instead, membrane surface and subcu- 
ticular as well as interfold matrices begin to ex- 
pand. Further expanding is observed in longer 
periods of adaptation until finally at 10 days apical 
membrane infoldings make deep secondary folds 
and the apical membrane surface is tremendously 
enlarged (Fig. 14). Interspaces between basal in- 
folds appear to be distended at 48 hr, and more 
and more distended as adaptation time lengthens 
(Fig. 15). Basal infolding membrane surface in- 
creases, but not as much as apical. 


DISCUSSION 


Wigglesworth [22], demonstrating that anal 
papillae of Culex pipience and Aedes aegypti, both 
fresh-water mosquito species, become very large 
when larvae are reared in water with low chloride- 
ion content and very small in water with high 
chloride-ion content, suggested that the anal papil- 
la is an active site of ion-uptake in fresh-water 
species. Phillips and Meredith [18] found ion- 
uptake activity also in anal papilla of Aedes cam- 
pestris, a salt-water species, when larvae were 
transferred to tap-water. 

Our SEM observations of A. togoi showed, 
when larvae were transferred to media with very 
high or very low ion-content, a behavior similar to 
that observed by Wigglesworth [22], suggesting 
that in this salt-water species as well anal papillae 
are active in ion-transport. 

TEM features also support the suggestion that 
the anal papillae have an ion-transport activity. In 
both fresh- and salt-water species, the epithelial 
cell is generally characterized by extensive infold- 
ings of both apical and basal cell membranes [7, 
10, 11, 14, 16, 17, 21] and by abundant mitochon- 
dria which are so closely associated with infold 
membranes as to be referred to by Copeland [7] as 
a “mitochondria pump”. Also, cytoplasmic sur- 
face of apical cell membrane in A. togoi is studded 
with particles, referred to as “portsomes” by Gar- 
rett and Bradley [11]. The abundant microfila- 
ments in the papillar cell of A. togoi appear to be 
dynamic structures possibly supporting or promot- 
ing membrane surface expansion and reduction. 

Sohal and Copeland [21] reported a marked 
reduction of apical membrane surface in A. aegypti 


when their larvae were raised in hyperosmotic 
solution. Our experiments showed a marked re- 
duction of apical membrane surface when larvae 
were raised in concentrated sea-water, and a 
marked expansion of apical membrane surface 
when larvae were raised in deionized water. These 
observations suggest that RER and Golgi appar- 
atus supply lysosomal enzymatic materials to 
digest membranes rapidly, in adaptation to con- 
centrated sea-water and that the apical membrane 
surface area is thus reduced and the “mitochond- 
rial pump” displaced in order to inhibit transport 
activity. 

In adaptation to deionized water on the other 
hand, mitochondria remained in the cytoplasm of 
apical infoldings, representing a continuance of 
pumping activity. In addition, apical membranes 
no longer adhered, and membrane surface was 
tremendously enlarged. Also numerous RER and 
Golgi apparatus appeared, suggesting that in this 
case, in the deionized water, these organellae act 
to increase the apical membrane to promote trans- 
port activity. Further, interfolding spaces of basal 
membrane were largely distended, as in the gall- 
bladder epithelium, a cell already recognized to 
have water- and ion-transport function [13]. 

Asakura showed that gastric caeca of A. togoi 
larva adapted to sea-water absorb ions ingested [1, 
3]. He also showed cytochemically that these ions 
are excreted from hemolymph mainly by anal 
canal, and that anal papillae are not the main sites 
for excretion of exess ions [2, 4]. 

The morphological changes we have observed in 
the salt-water mosquito anal papilla at various time 
spans of adaptation to high salt condition demons- 
trate a reduction in the epithelial apical mem- 
brane, that would result in resistance to ion trans- 
port. In contrast, when the larvae are adapted to 
deionized water, membrane expansion and pump- 
ing action, which would promote ion-transport, 
were observed. These results are good agreement 
with Asakura [2, 4] and Pillips and Meredith [18], 
respectively. 
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Sodium Fluoride (NaF) Releases the Two-Cell Block 
in Mouse Embryos 
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ABSTRACT—This study was undertaken to elucidate the mechanism underlying the inability of mouse 
embryos to develop in culture past the 2-cell stage (2-cell block). In complete TLP-PVA medium, the 
rate of development of non-inbred (ICR) mouse 2-cell embryos to 3- and 4-cell stages (=3 cells) was 
only 11%. However, sodium fluoride (NaF, an inhibitor of enolase in glycolysis) significantly improved 
the rate of further development of 2-cell embryos in a dose-fashion manner. NaF at 5 mM allowed 54% 
of 2-cell embryos to develop to =3 cells, although NaF at concentrations greater than 7.5 mM stunted 
their development. The removal of glucose and phosphate from the TLP-PVA medium improved the 
rate of development of 2-cell embryos to =3 cell (42%), but the rate of development of 2-cell embryos 
to =3 cells was enhanced (77%) when NaF at 2.5 mM was added to the medium without glucose and 
phosphate. The effect of NaF at 2.5mM on “CO, and ['*C]lactate production from [*C]glucose was 
also examined. NaF at 2.5 mM significantly inhibited both '*CO, and ['*C]lactate production from 
[6-'*C]glucose, but not '*CO, production from [1-'*C]glucose, although it had no effect on the uptake of 
[PH]deoxy-D-glucose (a non-metabolizable analogue of glucose) by the embryos. When the intracellu- 
lar level of adenosine triphosphate (ATP) during early development of mouse embryos was examined, 
it was higher before rather than after cleavage. In addition, the ATP level was much higher before the 
2nd cleavage 30 hr after insemination in unblocked embryos than that in blocked ones. These results 
suggest that the flow rate of glucose in glycolysis may regulate the development of 2-cell embryos to =3 
cells, and that the intracellular level of ATP may be critical to early phase of mouse embryo 


© 1993 Zoological Society of Japan 


development in vitro. 


INTRODUCTION 


Mouse embryos have been used for research on 
pre-implantation embryology. Successful in vitro 
culture of fertilized mouse eggs beyond the blasto- 
cyst stage would provide useful information on the 
early phases of development. However, with the 
exception of some inbred and F1 strains [12, 27], 
2-cell embryos from non-inbred mice do not de- 
velop into 4-cells in a chemically defined medium 


Accepted April 27, 10, 1993 

Received March 1, 1993 

Reprint request and “present address: Dr. M. Naka- 
mura. Laboratory for Amphibian Biology, Faculty of 
Science, Hiroshima University, Higashi-Hiroshima 724, 
Japan 


(referred as “2-cell block”). This phenomenon is 
not restricted to the mouse. Cattle embryos cease 
development at the 8- to 16-cell stage [26], pigs at 
4-cells [11] and hamsters at 2-cells and 4-cells [6]. 
However, this is not true of all mammalian species. 
The blocks do not occur in embryos of the rabbit 
[15], rhesus monkey [18], and humans [22]. The 
reasons for this difference still remains unclear. 
For development of 2-cell embryos into the blasto- 
cyst stage in vitro, various methods have been 
employed; determination of the optimal physi- 
cochemical culture environment including energy 
substrates [10], low oxygen concentrations [23], 
the removal of glucose and phosphate [24], and the 
addition of ethylenediamine-tetraacetic acid 
(EDTA) [1]. However, the cause(s) of the block 
still remains far from perfect understanding. 
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Recently, we reported that approximately a half 
of the mouse 2-cell embryos developed to =3 cells 
in vitro by eliminating glucose and phosphate from 
the culture medium [3], although the mechanism 
for this is not clear yet. If considered that glucose 
is the substrate for glycolysis while phosphate 
stimulates three glycolytic enzymes hexokinase, 
phosphofructokinase, and _ glyceraldehyde-3- 
phosphate dehydrogenase, it is assumed that when 
glycolysis in mouse embryos is inhibited, the 
limitations imposed by the 2-cell block can be 
circumvented. This study was undertaken to ex- 
amine whether the 2-cell block is cancelled when 
glycolysis is inhibited, using NaF which is reported 
to be an inhibitor of enolase [20]. Here we report 
that NaF released the 2-cell block in mouse 
embryos, and that the intra-cellular level of ATP 
may be critical in regulating the early phase of 
embryo development. 


MATERIALS AND METHODS 


Collection and culture of embryos 


In all experiments, random-bred ICR male and 
female mice (10-12 weeks old) were used. ICR 
mice were super-ovulated with intra-perioneal in- 
jections of 5 i.u. PMSG (Teikoku Zoki) at inter- 
vals 48hr apart. At 16-17hr post-hCG, the 
females were killed by cervical dislocation, the 
oviducts dissected out and the cummulus masses 
released into a TLP-PVA medium which con- 
tained 0.35 mM phosphate, 2.8 mM glucose and 4 
mg/ml bovine serum albumin (BSA) [5]. For 
fertilization in vitro, male mice were killed 14 hr 
after the females were injected with hCG, the vasa 
deferentia and epididymides dissected out and one 
of each placed in a 0.4ml drop of pre-gassed 
TLP-PVA medium with 4 mg BSA/ml. The sperm 
were squeezed out gently and allowed to capaci- 
tate for 2 hr at 37°C. At 18-19 hr post-hCG, 10 yl 
of the sperm suspension was added to each 0.4 ml 
drop of the TLP-PVA medium in a Falcon 35-mm 
dish (Falcon) to give a final sperm concentration of 
150 sperm/yl. Eggs and sperm were incubated 
together for 5 hr at 37°C under liquid paraffin oil 
(Squibb). To minimize damage to embryos prior 
to culture, oviduct dissection and collection and 
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placement of embryos into culture were carried 
out as soon as possible. After 5 hr incubation, the 
eggs were washed twice with a fresh medium 
pre-gassed with 5% CO, in air at 37°C, transferred 
into 0.4 ml of the conditioned medium covered 
with liquid paraffin oil, and incubated at 37°C 
under 5% CO), in air for certain periods of time. 


Experimental studies 


Experiment 1: Concentrations (0, 0.5, 1.0, 2.5, 5, 
7.5 and 10mM) of NaF were tested for their 
effects on development of 2-cell embryos to =3 
cells in vitro. 

Experiment 2: Lacking 2.8 mM glucose and 0.35 
mM phosphate, but with 2.5mM NaF, in the 
TLP-PVA medium, EDTA (100 4M), which is 
known to cancel the 2-cell block [14], was tested to 
see its effect on the rate of 2-cell embryo develop- 
ment beyond the 2-cell stage. 

Experiment3: Inconjunction with the NaF effect 
on the development of 2-cell embryos beyond the 
2-cell stage, production of ‘*CO, from [1-"“C]- 
glucose (0.29 GBq/mmol; Amersham) and [6- 
“C]glucose (0.26GBq; Amersham) by 2-cell 
embryos was determined in the presence or ab- 
sence of 2.5 mM NaF in a medium without glucose 
and phosphate. For determination of ‘SCO, pro- 
duction, fifty 2-cell embryos/tube were collected 
24hr after insemination and incubated with 
[‘*C]glucose (0.6 nmole/tube) for 3 hr at 37°C in 
0.5 ml of the TLP-PVA medium in a vessel capped 
tightly with a rubber stopper. Incubation was 
terminated by injection of 0.5 ml of 50% citric acid 
(w/v) through the rubber stopper [21]. The “CO, 
liberated from ['4C]glucose was trapped in KOH 
and its radioactivity was determined by a liquid 
scintillation spectrometer (Aloka, model ISC-903) 
[21]. 

Experiment 4: ['*C]Lactate production from 
[*C]glucose by 2-cell embryos was determined 
using the method of Kusaka and Ui [17]. Fifty of 
2-cell embryos/tube were collected 24hr after 
insemination, and incubated with [6-'*C]glucose 
(0.6 nmole/tube) for 3 hr at 37°C in 0.5 ml of the 
medium. Incubation was stopped by the addition 
of 0.5 ml of 60% perchloric acid to the medium. 
Two tenths of a ml of each sample was taken and 
1.9 ml of water was added before centrifugation. 
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The supernatant was added with 10 mg of semicar- 
bazide (Wako) and 20 mg of charcoal (Wako), and 
kept for 15 min at 0°C with occasional shaking 
before centrifugation. One and a half ml of the 
resultant supernatant was introduced into 0.5 ml of 
0.5 M glycine solution (pH 9.5) containing 0.28 M 
semicarbazide, 3mg EDTA (Sigma), and 2 mg 
NAD (Boehringer Mannheim). The reaction was 
started by the addition of 18 units of lactic dehy- 
drogenase (Boehringer Mannheim), then allowed to 
proceed for 90 min at 25°C before being termin- 
ated by lowering the pH below 3 with cold HCl. 
Seventy mg of charcoal was then added to the 
solution and the sample was kept at room tempera- 
ture for 30 min with occasional shaking. Charcoal, 
separated by centrifugation, was washed twice 
with water and eluted with a mixture of 40% 
methanol/20% ethanol/0.8% NH,OH. After 30 
min, 4 ml of the effluent was evaporated to dry- 
ness. The resulting residue which was then dis- 
solved in a small amount of water was applied to a 
thin layer plate of cellulose (Funakoshi), and de- 
veloped with the solvent system of isopropanol/ 
formic acid/water (6:1:1) [17]. The radioactivity 
of the spot of pyruvic semicarbazone detected 
under a UV lamp was counted in a liquid scintilla- 
tion counter (Aloka, model ISC-903) [21]. 
Experiment 5: The uptake of [*H]deoxy-D- 
glucose by 2-cell embryos was determined. Fifty 
2-cell embryos/tube were collected 24hr after 
insemination, and incubated with 1 nmole/tube of 
2-[2,6-*H]deoxy-D-glucose (1.63 TBg/mmol; 
Amersham) for 3hr at 37°C in 0.5 ml of the 
TLP-PVA medium with or without NaF at 2.5 
mM, and without glucose and phosphate. After 
incubation, the embryos were washed 5 times with 
fresh medium and their radioactivity was deter- 
mined [21]. 

Experiment 6: Determination of intra-cellular 
levels of ATP was carried out. After 150-200 
2-cell embryos/point were incubated at 37°C for 
certain periods of time in the TLP-PVA medium, 
(with or without 100 uM EDTA), 40 1 of 9% 
perchloric acid were added. The sample was kept 
at 0’C for 30 min, and then 16 wl of 2M K,CO; 
solution was added. The ATP level in the embryos 
was determined using the method of Singer et al. 
[25] using a LKB luminometer (Pharmacia, model 


1250). 


Evaluation of embryos and statistical analysis 


Embryos were evaluated according to stage of 
development by counting the number of 1-, 2-, 3- 
and 4-cell embryos after certain periods of time of 
culture under a stereomicroscope (Nikon, model 
SMZ-1). Paired comparisons were made to deter- 
mine significance. 


RESULTS 


Effects of NaF, glucose and phosphate on develop- 
ment of 2-cell embryos into 3- and 4-cell ones 


NaF was added to the culture medium and its 
effect on the development of 2-cell embryos to 23 
cells was examined. As shown in Fig. 1, NaF 
significantly cancelled the 2-cell block in a dose- 
fashion manner. The rate of development of 2-cell 
embryos beyond the 2 cell stage reached a max- 
imum at 5mM NaF. At 2.5 mM and 5 mM NaF, 
47% (194/411) and 54% (86/160) of 2-cell 
embryos developed to =3 cells, respectively, while 
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1. The effect of NaF on the development of 2-cell 
embryos beyond the 2-cell stage. 

Five hr after insemination, embryos were transfer- 
red to the pre-gassed fresh medium containing va- 
rious concentrations of NaF and incubated at 37°C 
for another 43hr. The embryo stages were then 
evaluated under stereomicroscopy. 
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without NaF only 11% (11/99) of 2-cell embryos 


did. However, NaF at concentrations greater than 


7.5mM stunted their development. We thus used 
2.5mM NaF for further studies. When glucose 
and phosphate were omitted from the culture 
medium, 42% (44/106) of 2-cell embryos went 
through a 2nd cleavage. Development of 2-cell 
embryos to =3-cells in the medium containing 2.5 
mM NaF, 2.8 mM glucose and 0.35 mM phosphate 
(56%) was significantly higher (P<0.05) than in 
the medium without glucose and phosphate (42%) 
(Fig. 2). When 2.5mM NaF was added to the 
medium without glucose and phosphate, 77% 
(142/184) of 2-cell embryos underwent a 2nd 
cleavage. This rate was quite similar to that (80%) 
of the development of 2-cell embryos treated with 
100 uM EDTA (Fig. 2). 
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Fic. 2. Effects of NaF, glucose and phosphate on the 
release of 2-cell block. 
Five hr after insemination, embryos were transfer- 
red to the fresh TLP-PVA medium with or without 
2.8mM glucose, 0.35 mM phosphate, 2.5 mM NaF 
and 100 ~M EDTA. Embryos were then incubated 
for another 43 hr at 37°C and the ratio of 3- and 
4-cells/total cells (%) was obtained by counting 3- 
and 4-cell embryos under stereomicroscopy. 


Production of '*CO, and {!*C]lactate from {/4C]- 
glucose by 2-cell embryos 


“CO, and ['*C]lactate production from 
[‘*C]glucose was determined to see whether gly- 
colysis in mouse embryos was inhibited by NaF. 
Two-cell embryos were collected 24 hr after in- 
semination and incubated for 3 hr at 37°C in the 
presence or absence of 2.5 mM NaF in the medium 
without glucose and phosphate. As shown in Fig. 
3, there was no difference (P>0.5) in “CO, 
production from [1-'*C]glucose between mediums 
with or without NaF, but there was a significant 
difference (P<0.01) in CO, production from 
[6-"*C]glucose. In addition, NaF inhibited ['C]- 
lactate production from [6-'*C]glucose by approx- 
imately 50% (P<0.01) when compared to the 
control embryos (Fig. 4). 
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glucose. 

SCO, production from [1-'*C]- and [6-'*C]glucose 
was determined using the method as described in 
“Materials and Methods”. P>0.5 and P<0.01; 
compaired with 2.5 mM NaF. 
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Fic. 4. [C]-Labeled lactate production from [6- 
C]glucose by 2-cell embryos. 
Production of ['*C]lactate from [6-'*C]glucose by 
2-cell embryos was determined as described in 
“Materials and Methods”. P<0.01; compaired with Fic.5. Uptake of [*H]deoxy-D-glucose by 2-cell 
the addition of NaF. embryos. 
The [*H]deoxy-D-glucose uptake by 2-cell embryos 
was determined as described in “Materials and 
Methods”. P>0.5; compaired with NaF. 
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Fic. 6. Intra-cellular level of ATP during the developmental stages of mouse embryos. 
Embryos were incubated with or without 100 ~M EDTA for certain periods of time at 37°C and the ATP levels in 
the embryos were determined as described in “Materials and Methods”. Dotted lines indicate the rate of embryos 
undergoing first or second cleavage per total embryos. To obtain these ratios, at least 50 embryos were counted 
under stereomicroscopy every 1 hr during the development of embryos in vitro. Time 0 means insemination time. 
The number of ATP determinations is indicated in parenthesis. 
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[?H]|Deoxy-D-glucose uptake by 2-cell embryos 


Since NaF inhibited the glycolytic system of 
mouse 2-cell embryos, we examined whether the 
reduced production of '*CO, and ['*C]lactate from 
[6-'4C]glucose was due to inhibition of glucose 
uptake by 2-cell embryos by NaF. However, NaF 
at 2.5mM had no effect on the uptake of 
[>H]deoxy-D-glucose by 2-cell embryos (P>0.5) 
(Fig. 5). 


ATP determination 


The ATP level in embryos was determined when 
they were treated with or without 100 ~M EDTA. 
As shown in Fig. 6, the first and 2nd cleavages 
occurred at 15-22 hr and 37-48 hr after insemina- 
tion, respectively. The ATP level in embryos was 
found to be higher prior to the cleavage. When 
embryos were treated with or without 100 uM 
EDTA, there was no difference in the ATP level 
12 hr before the first cleavage between two groups, 
but there was a difference in the ATP level 30 hr 
before the 2nd cleavage. The ATP level in 
embryos treated with EDTA was much higher 
than that in untreated ones (14.6+0.6 vs 10.4+2.2 
fmoles/cell; n=2). 


DISCUSSION 


This study clearly showed that NaF enhanced 
the development of mouse 2-cell embryos into the 
3- and 4-cell ones. To the best of our knowledge, 
this is the first report indicating that treatment of 
mouse embryos with NaF significantly releases the 
2-cell block. We have previously reported that the 
removal of glucose and phosphate from the culture 
medium improved the rate of development of 
mouse 2-cell embryos to =3 cells (42%) [3], which 
was consistent with the results obtained in this 
study. However, development of 2-cell embryos to 
=3 cells in the medium containing NaF, glucose 
and phosphate was significantly more enhanced 
than in a medium free of glucose and phosphate 
(see Fig. 2), whereas only 11% of 2-cell embryos 
developed to =3 cells in the complete culture 
medium without NaF. It is of greatly interest to 
note that when cultured in a medium without 
glucose and phosphate, but with NaF, approx- 


imately 80% of 2-cell embryos underwent a 2nd 
cleavage. This rate was quite similar to that in the 
development of 2-cell embryos cultured in the 
presence of EDTA. 

Inhibition of the development of mouse 
embryos by glucose may be attributable to the 
Crabtree effect; (a) inhibition of respiration and 
oxidative phosphorylation by glucose [9], and (b) 
the fact that phosphate becomes rate-limiting for 
oxidative phosphorylation and respiration in the 
presence of glucose [16]. Previous studies by Aoki 
et al. [3] showed that inhibition of embryo develop- 
ment by glucose occurred both in the presence and 
absence of phosphate, and that the reverse was 
also true; embryo development was inhibited both 
in the presence and absence of phosphate when 
glucose was present. By this, an inadequate ATP 
production would occur. Glucose is a substrate for 
glycolysis, whereas, as mentioned before, phos- 
phate stimulates glycolytic enzymes. Intra-cellular 
phosphate may thus be utilized mainly for glycoly- 
sis, with consequent disruption of phosphorylation 
reactions in mitochondria (low production of 
ATP). As a result, poor or blocked embryo 
development would occur. This is supported by 
the fact that the ATP level in blocked embryos was 
lower than that in normally developed ones. When 
glucose is removed from the culture medium, 
phosphate could enhance the breakdown of stored 
glycogen to form glucose-6-phosphate. When con- 
centrations of glucose-6-phosphate are high, gly- 
colysis would be stimulated, resulting in insuf- 
ficient ATP production and inhibition of embryo 
development. However, when phosphate and glu- 
cose concentrations are lowered, the glycolytic 
system would be suppressed, resulting in high ATP 
production in mitochondria. These explanations 
for the observed inhibitory effect of glucose and 
phosphate on embryo development are consistent 
with the fact that NaF, an inhibitor of the glycoly- 
tic enzyme, improved the rate of development of 
mouse 2-cell embryos to =3 cells. The suppres- 
sion of glycolysis by NaF is not due to a reduced 
uptake of glucose, since this drug had no effect on 
the uptake of [7H]deoxy-D-glucose. 

From studies of pre-implantation mouse 
embryos [8], glucose is known to be an unfavor- 
able energy source for development until the 8-cell 
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stage. The reason for this failure of early-stage 
mouse embryos to develop on glucose alone is 
found in the block at the phospho-fructokinase 
step in glycolysis [4]. This conclusion is based on 
the finding that maximum glucose-6-phosphate 
and fructose-6-phosphate levels are much lower 
during the early stages (2- and 8-cell stages) than at 
later stages (morula and blastocyst stages), sug- 
gesting that glycolysis activity in mouse embryos is 
low. However, embryos used for such studies [4] 
were developed in vivo in the reproductive tract 
where the 2-cell block did not take place, and so 
were obtained by being flushed from the tract. If 
the glycolysis of embryos in the reproductive tract 
is inhibited by a factor(s), which is unknown at the 
present time, or is suppressed because of, for 
example, low concentrations of glucose, the levels 
of glucose-6-phosphate and fructose-6-phosphates 
would be low. When, in fact, free sugars in rabbit 
oviduct were tested for glucose, fucose, xylose, 
sorbose, galactose, fructose and mannose, glucose, 
in trace amounts, was the only free sugar found [7, 
13]. This might be one of reasons why the 2-cell 
block does not occur in vivo. In culturing mouse 
2-cell embryos in vitro, the glycolytic system is 
probably not inhibited, presently because of the 
differing environments. Consequently, they can- 
not develop to =3 cells, but can do so when the 
glycolysis in 2-cell embryos is inhibited by NaF. 
However, this is too speculative. To prove this 
hypothesis, the level of glycolytic metabolites in 
embryos must be determined when cultured in the 
medium with or without NaF. 

We cannot exclude the possibility that NaF, 
which is also known as an inhibitor of protein 
phosphatase [19], could release the 2-cell block by 
the mechanism other than inhibiting the glycolysis 
in mouse embryos. Recently, Aoki et al. [2] 
reported that the phosphorylation followed by 
dephosphorylation of ,34°°° is required for mouse 
2-cell embryos to develop to 23 cells. In their 
studies [2], an inhibitor of protein phosphatase I 
and 2A, ocadaic acid, dephosphorylated sa? in 
the mouse embryos arrested at the 2-cell stage. It 
is, therefore, conceivable that NaF could also 
dephosphorylate Be aac resulting in the release of 
the 2-cell block. The low level of intra-cellular 
ATP in the blocked embryos may fail in the 


phosphorylation of ,34°°°. Further studies must 


be carried out to answer these questions. Never- 
theless, it is of great interest to note that the 
development of mouse 2-cell embryos to 23 cells 
was significantly enhanced when glycolysis is inhi- 
bited by NaF. The intra-cellular level of ATP may 
be critical in regulating the early phase of embryo 
development in mice. 
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Hemoglobin Transition from Larval to Adult Types in 
Normally Metamorphosing, Metamorphosed and 
Metamorphosis-Arrested Hynobius retardatus 


TAKAKO ARAI and MASAMI WAKAHARA 


Zoological Institute, Faculty of Science, Hokkaido University, 
Sapporo 060, Japan 


ABSTRACT—A transition of hemoglobin subunits during ontogeny of a hynobiid salamander, 
Hynobius retardatus, was studied using SDS-PAGE, AUT-PAGE and two-dimentaional elec- 
trophoresis in conbination of the two. Hemoglobins from normally metamorphosing and metamorph- 
osed animals reared at different temperatures and from metamorphosis-arrested larvae, which were 
reared in aqueous solution of thiourea and sodium perchlorate, were analyzed. Larval type hemoglobin 
was composed of 4 electrophoretically distictive subunits, named HL1, HL2, HL3 and HL4. Similarly, 
adult hemoglobin was composed of 4 subunits, all of which were different from the larval subunits. 
Progress of the larval developmental stages basically depended on the temperature: the lower 
temperature caused retarded metamorphosis (10°C) or arrested metamorphosis (4°C). Transition of the 
hemoglobin in those animals also depended on the temperatures, but not on the ages or body sizes of 
them. Although no indication of metamorphosis was observed at external morphological level in the 
larvae reared at 4°C, adult type subunits of hemoglobin were detected in them. In metamorphosis- 
arrested larvae reared at room temperature, the transition of hemoglobins occurred in the same time 
schedule as in the controls, suggesting that the transition was completely independent from the 
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morphological metamorphosis. 


INTRODUCTION 


A changeover from a larval or foetal form of 
hemoglobin to an adult form is a frequent phe- 
nomenon in vertebrates [12]. In anuran amphi- 
bians, a switch in hemoglobin synthesis is reported 
to occur at metamorphosis, resulting in the re- 
placement of the larval globin subunits by a set of 
distinct adult ones [3, 7]. This event, therefore, 
provides a useful model for investigating the de- 
velopmental control of gene expression [1, 2, 22, 


26]. 
In urodelan amphibians, however, a completely 
different, biologically important phenomenon 


which never happens in anuran amphibians, is 
known: many salamanders are able to retain their 
larval form throughout their lives, becoming sex- 
ually mature without undergoing metemorphosis 
[14, 23]. This phenomenon, neoteny, provides 
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different possibility for investigating the develop- 
mental control of gene expression. It has been 
reported that the axolotl, a famous neotenic form 
in Ambystoma mexicanum, is not biochemically 
neoteneous: they show the transition of hemoglo- 
bins from larval to adult types without any indica- 
tion of anatomical metamorphosis [4, 10]. Con- 
trary to this, in A. tigrinum nebulosum no hemog- 
lobin changes have been reported with meta- 
morphosis [28]. Thus, it is important to investigate 
biochemical changes during the ontogeny in neote- 
nic species. Although Hynobius retardatus, a 
hynobiid salamander inhabited in Hokkaido, 
Japan is a very unique species to have been 
reported to show neoteny [13, 21, 22], little is 
known on biochemical changes before, during and 
after the metamorphosis in this species. In order 
to light these problems the transition of hemoglo- 
bins from larval to adult types was analyzed at first. 
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MATERIALS AND METHODS 


Animals 


Fertilized eggs of Hynobius retardutus, were 
collected from several ponds or small streams in 
the vicinity of Sapporo in the breeding season. 
Newly hatched larvae were reared at 4 different 
temperatures such as 4°C, 10°C, 16°C and 22°C. 
Others were reared at a room temperature either 
in aqueous solution of 0.02% thiourea (TU) and 
0.02% sodium perchlorate (SPC) to arrest the 
metamorphosis, or goitrogens-free medium as con- 
trols. They were fed with live Tubifex. After they 
metamorphosed, they were transferred to a terrar- 
ium, and fed with live Tubifex every two days. 
Developmental stages were determined according 
to the normal table for Hynobius nigrescens [8]. 


Preparation of hemolysates 


Larvae, metamorphosed juveniles and sexually 
mature adults were lightly anesthetized by immers- 
ing them in aqueous solution of MS222 (Sandoz). 
Smaller larvae were bled by punctuating heart in 
ice-chilled 50% PBS (PBS: 72.7 mM NaCl, 18 mM 
KH,PO,, 57 mM Na,HPO,) with 10 mM EDTA. 
Larger animals were bled by cutting tails, and 
blood was suspended in ice-chilled 70% PBS with 
10mM EDTA. The blood cells were washed by 
repeated centrifugation at 1000 rpm, followed by 
counting blood cell number. They were then lyzed 
with lysophosphatydil cholin (0.05%, 5 min at 
room temperature), and centrifuged. The super- 
natants after 10000 rpm centrifugation for 10 min 
were served as major erythrocyte proteins. After 
the amount of protein was determined using BCA 
Protein Assay Reagent (Pierce Chemical Co.), the 
samples were electrophoresed or frozen at —80°C. 
Samples from very small larvae (such as younger 
ones at 4°C) were combined together because the 
amount of hemolysate from one larva was too 
small. 

In order to convert the hemoglobins to the 
stable cyanmethemoglobin, 0.2 volumes of 2% 
K3Fe(CN)., 0.5% KCN, 0.1% NaHCO; were 
added to the blood cells suspended in 70% PBS. 
After the cells were lyzed and centrifuged, the 
clear red supernatant was analyzed with a spec- 


trophotometer. From the maximal absorbance at 
540 nm, it was concluded that the major hemoly- 
sate proteins were hemoglobins. 


Electrophoresis 


Sodium dodecyl sulfate-polyacrylamide gel elec- 
trophoresis (SDS-PAGE) was performed accord- 
ing to Laemmli [9] using 15% separating gels. 
Acid/urea/Triton X 100-polyacrylamide gel elec- 
trophoresis (AUT-PAGE) was done according to 
Zweidlar [29]. Two-dimentional electrophoresis in 
conbination of the two was conducted according to 
Ohsumi and Katagiri [18]. All electrophoresed 
gels were stained with Coomassie Brilliant Blue. 


RESULTS 


Identification of hemoglobin subunits 


Fig. 1 shows electrophoretic profiles of hemog- 
lobin subunits from larval and adult Hynobius 
retardatus. In SDS-PAGE (Fig. 1, Panel A), two 
distinct bands in larval hemoglobins were de- 
tected, and tentatively named L1 and L2. 
Approximate molecular weights of them were 
13700 and 15000, estimated from the mobility on 
the SDS-PAGE. Adult hemoglobin was shown to 
be composed of 3 fractions, from Al to A3 whose 
molecular weights were estimated as 14000, 15000 
and 15500, respectively. 

In AUT-PAGE (Fig. 1, Panel B), hemolysates 
of typical larval blood were fractionated into 4 
major bands and 1 faint band, which was consi- 
dered to be some polypeptide other than hemoglo- 
bin. Adult hemoglobins were also fractionated 
into 4 distinct bands, three of which migrated to 
more cathodal direction than the larval bands. 

Two-dimentional electrophoresis showed clearly 
4 different spots in larval and adult hemolysates 
(Fig. 2). They were named as HL1, HL2, HL3, 
and HL4 in larval samples (Fig. 2, Panel A), and 
HA1, HA2, HA3 and HA4 in adult samples (Fig. 
2, Panel B), respectively. From the electrophore- 
tic mobility in SDS-PAGE, L1 band seemed to be 
fractioned into HL1, HL2 and HL3, and L2 corres- 
ponded to HL4. Similarly, Al were composed of 
HA1 and HA2, and A2 corresponded to HA3, and 
A3 correponded to HA4. When the hemolysates 
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Fic. 1. Typical electrophoregrams of hemoglobins from larval and adult Hynobius retardatus. Lane M, molecular 
marker; L, typical larval hemolysate (from larvae 3 days after hatching); a, hemolysate from metamorphosing 
larva; b, hemolysate from metamorphosed juvenile; A, typical adult hemolysate from sexually mature male. 
Panel A, SDS-PAGE. Panel B, AUT-PAGE. The direction of electrophoresis was from top (+) to bottom (—). 


from metamorphosing larvae were analyzed on the 
two-dimentional electrophoresis, 8 spots (from 
HL1 to HL4 and from HA1 to HA4) were usually 
detected (Fig. 2, Panel C, in this photograph HL1 
was accidendally missed), suggesting convincingly 
that all subunits were electrophoretically different. 


Larval development at different temperatures 


Fig. 3 shows time courses of development in 
Hynobius retardatus which were reared in different 
temperatures. Progress of larval development and 
metamorphosis was completely depending on the 
water temperatures. All animals reared at 22°C 
completed metamorphosis by 70 days after hatch- 
ing. The larvae at 16°C developed a little slowly 
compared with those at 22°C, and metamorphosed 


Fic. 2. Electrophoretic profiles of larval and adult 
hemoglobins on two-dimentional PAGE using AUT 
(initially) and SDS (secondary). Lane M, molecular 
marker on SDS-PAGE (14K); L, typical larval 
hemolysate on SDS-PAGE; A, typical adult 
hemolysate on SDS-PAGE; T, hemolysate from 
metamorphosing larva showing transition from lar- 
val to adult hemoglobins. Panel A, typical larval 
hemoglobin (from larvae 3 days after hatching). 
Panel B, typical adult hemoglobin (from sexually 
mature male). Panel C, hemoglobin from metamor- 
phosing larva. 


DEVELOPMENTAL STAGE 
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Progress of larval developmental stages in the 
Hynobius retardatus larvae reared at different 
temperatures. The larval developmental stages 
were determined according to Iwasawa and 
Yamashita [8]. At higher temperatures (22°C and 
16°C), they metamorphose within 80-70 days after 
hatching. At lower temperatures, however, prog- 
ress of larval developmental stages is retarded. No 
larvae show any indication of anatomical meta- 
morphosis at 4°C within the period of this experi- 


ment. 
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before 80 days after hatching. Lower tempera- 
tures, however, caused retardation of larval de- 
velopment and metamorphosis: at 10°C almost all 
larvae developed to stage 63, fully grown larval 
stage just before metamorphosis [8], approximate- 
ly 100 days after hatching. The progress of the 
developmental stages was conspicuously retarded 
after they reached metamorphic stages. Some 
animals at 10°C could complete metamorphosis by 
180 days, but others could not complete even after 
250 days of hatching. At 4°C retardation in larval 
development was conspicuous: no larvae showed 
any indication of anatomical metamrophosis until 
250 days of experiment. 


Hemoglogbin transition during ontogeny 


Fig. 4 shows typical elecrophoretic profiles of 
the hemolysates of animals before, during and 
after metamorphosis reared at different tempera- 
tures on SDS-PAGE. In 4°C-reared larvae, adult 
type subunits were detected 159 days after hatch- 
ing (Panel A, arrow on lane e), when the average 
developmental stage of them was stage 58, much 
before the morphological metamorphosis. The 
adult type subunits were also detected in the larvae 
of 68 days at 10°C (Panel B, arrow on lane b), 
when the average developmental stage of them 
was stage 58.8. Inversely, the larval type bands 
were getting faint. In the larvae of 249 days at 
10°C (the average developmental stage was stage 
66.5), the larval bands could not be detected on 
SDS-PAGE (Panel B, lane g). At 16°C an appear- 
ance of the adult type subunits was much faster: 
they were detected 35 days after hatching (Panel 
C, arrow on lane a). After 126 days of rearing (a 
month after the completion of the metamorphosis) 
the larval subunits were not detected (Panel C, 
lane d). At 22°C adult type subunits were detected 
as early as 35 days after hatching (Panel D, lane a), 


and larval subunits were hardly detected after 68 
days of hatching, showing more rapid transition of 
hemoglobin subunits from larval to adult types 
than at 16°C. 


Hemoglobin transition in metamorphosis-arrested 
larvae 


When the larvae were reared in aqueous solu- 
tion of thiourea and sodium perchlorate at room 
temperature, metamorphic events were basically 
blocked (Fig. 5). An average developmental stage 
of them when the controls completed the meta- 
morphosis was stage 63.5. At the end of this 
experiment (200 days after the hatching), the 
developmental stages of the goitrogen-treated lar- 
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larvae reared in goitrogens (0.02% thiourea and 
0.02% sodium perchlorate) at room temperature 
(TU, solid line). Although all controls (cont, 
broken line) metamorphose 70 days after hatching, 
proceeding of the metamorphosis in the goitrogen- 
treated larvae is arrested or extremely retarded. At 
the end of experiment, the average developmental 
stage in goitrogen-treated larvae is stage 64. 


Fic. 4. 


Electrophoretic profiles on SDS-PAGE showing time courses in the transition of hemoglobins from larval to 


adult types at different temperatures. Lane M, molecular marker (top, 20 K, bottom, 14 K); L, hemolysate from 
typical larvae (3 days after hatching); lanes from a to g, hemolysates from 35, 68, 99, 126, 159, 189 and 249 days 
animals after the hatching; A, hemolysate from typical adult. Panel A, 4°C. Adult type subunits are seen in 
hemolysates from larvae at 159 days (lane e, arrow). Panel B, 10°C. Adult type subunits are clearly seen in 68 
days larvae (lane b, arrow). Panel C, 16°C larvae. Adult type subunits are already detected in 35 days larvae 
(lane a, arrow). Larval subunits are detected in 99 days larvae (lane c, arrwohead). Panel D, 22°C. Adult type 
subunits are seen in 35 days larvae (lane a, arrow). Larval subunits are getting faint in 68 days after the hatching 


(lane b, arrowhead). 
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Fic. 6. Electrophoretic profiles showing the transition of hemoglobins from larval to adult types in metamorphosis- 


arrested larvae (Panel A) and controls (Panel B) on SDS-PAGE. Lane M, molecular marker (top, 30 K, middle, 
20 K, bottom, 14 K); L, hemolysate from typical larvae (3 days after the hatching); lanes from a to f, hemolysates 
from 35, 68, 99, 126, 159 and 189 days after the hatching; A, hemolysate from typical adult. 


vae were varied from stage 63 (just before the 
initiation of the metamorphosis) to stage 65 (initia- 
tion of the absorption of external gills), showing 
individual differences. 

Although the external morphological meta- 
morphosis was basically arrested, the hemoglobin 
transition occurred in the same time schedule as in 
the controls. Fig. 6 shows typical electrophoretic 
profiles of hemolysates from metamorphosis- 
arrested larvae and the controls at the same ages. 
No differences were detected between the two. 
Adult type subunits were detected in the meta- 
morphosis-arrested larvae at 35 days after hatching 
(Panel A, arrow on lane a), when the average 
developmental stage of them was stage 57.6. Lar- 
val type subunits disappeared at 126 days of hatch- 


ing (lane d, arrowhead), when the average de- 
velopmental stage of them was 64.3, showing the 
completion of the transition of hemoglobins from 
larval to adult types occurred even in the meta- 
morphosis-arrested larvae in the same time sche- 
dule as in the controls (Panel B, arrow on lane a; 
arrowhead on lane d). 


DISCUSSION 


Hemoglobin subunits 

Approximate molecular weights of the hemoglo- 
bin subunits in Hynobius retardatus estimated by 
their mobility on the SDS-PAGE are similar to 
those in Ambystoma mexicanum [4], and to those 
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known in almost all vertebrates, in general. 
Cathodal migration of adult hemoglobin subunits 
on AUT-PAGE (Fig. 2, panel B) was consistent 
with those of other urodele, Discamptodon ensatus 
[27]. Electrophoretically distinct 4 subunits of 
hemoglobins were detected in both larval and 
adult samples on the two-dimentional gels. Be- 
cause the larval subunits are distict from adult ones 
(Fig. 2, Panel C), it is assumed that they must be 
different polypeptides encoded by different genes 
which are developmentally regulated in the similar 
ways to other vertebrates [1, 2, 25, 26]. 


Transition from larval to adult types 


Transition of the hemoglobin subunits from lar- 
val to adult types depends on the temperatures and 
the developmental stages of the larvae, but not on 
the ages, in normally metamorphosing and meta- 
morphosed animals. Contrary to this, when the 
metamorphosis was arrested by goitrogens and 
reared at room temperature, the transition occurs 
strictly depending on the ages of animals, but not 
on the degrees of the anatomical metamorphosis. 

By comparing the initial appearance of the adult 
type subunits in metamorphosing and metamorph- 
osed animals reared at different temperatures (Fig. 
4). it is clear that the transition occurs at the 
similar developmental stages (stage 58-62), in all 
animal groups. Although the transition occurs 
earlier in the animals whcih were reared at higher 
temperatures, and it occurs later in the animals at 
lower temperatures, the developmental stages 
when the transitions occur are basically identical. 
This suggests that the initial step of the transition 
of the hemoglobins in H. retardatus is triggered at 
the certain developmental stages before the meta- 
morphosis. Since the thyroid glands in H. retarda- 
tus reared at 4°C are reported to be completely 
inactive [15], and thyroid hormones are believed to 
be insensitive at the lower temperature such as of 
4°C [16], it is assumed that the transiton of hemog- 
lobin in 4°C-larvae is governed by a different 
mechanism from the thyroid gland activity. It is 
possible that the transition is triggered automati- 
cally when the larvae attain a specific developmen- 
tal stage. This is consistent with an earlier observa- 
tion to show that the hemoglobin transition in 
Xenopus laevis was determined more by chronolo- 


gical age, or size, or some other independent 
factors, rather than the hormonal control by thyr- 
oxine [12]. 


Relationship to neoteny 


According to the degree to which metemorph- 
Osis occurs or to the different levels of blockage of 
metamorphosis, neoteny in salamander species is 
roughly classified into three categories [5]: (1) 
Permanent neoteny, in which the target tissues 
have lost their capacity to respond to thyroid 
hormones [6] (Necturus, Siren). (2) Mexican ax- 
olotl, which does not undergo metamorphosis be- 
cause of shortage of thyroid stimulating hormone 
(TSH) [19, 20, 24] (Ambrystoma mexicanum). (3) 
Facultative neoteny, they metamorphose depend- 
ing on the environments (temperatures, humidity) 
[17] (A. tigrinum, A. gracilus). Since the pattern 
of the transition of the hemoglobins from larval to 
adult types in H. retardatus is very similar to the 
one in the axolotl, in which the transition occurs 
without any indication of anatomical metamorph- 
osis [4, 10], H. retardatus is expected to have the 
similar biochemical characteristics to the axolotl or 
other salamanders showing the facultative 
neoteny. 

It is well accepted that in axolotl the morpholo- 
gical or anatomical metamorphosis is accelerated 
by relatively high concentrations of circulating 
thyroid hormones, but that the biochemical “meta- 
morphosis” such as the transition of hemoglobin is 
regulated by very low concentrations of thyroid 
hormones [4, 10]. In H. retardatus, the similar 
mechanism in the transition of hemoglobins to the 


axolotl is also possible. Experimental analysis 
using thyroid hormones seems need for further 
elucidation. 
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ABSTRACT— We report a new method for generating chimeras without removal of the zona pellucida. 
Chimeric mice were produced by exchanging nuclei from blastomeres of two-cell embryos between 
BALB/c and C3Hf mice. Of 108 experimental embryos, 70 (65%) survived successful exchange of 
nuclei between blastomeres of the two-cell embryos. Of the 70 operated embryos, 48 (69%) developed 
to blastocysts. Moreover, from the 154 operated two-cell embryos that were transferred to oviducts, 19 
mice developed of which three were chimeras. The three chimeric mice contained both BALB/c and 
C3Hf mouse cells and the two types of cell were almost equally distributed. These results demonstrate 
that chimeras can be obtained by exchanging nuclei from blastomeres of two-cell embryos between 


BALB/c and C3Hf mice. 


INTRODUCTION 


Chimeric embryos have been invaluable in stu- 
dies of developmental mechanisms [15], sex deter- 
mination [6], cell-cell interactions [10], and the 
rescue of otherwise lethal phenotypes [11]. In 
general, chimeras are produced by two methods, 
one involving aggregation of embryos, as de- 
scribed by Tarkowski [12], and the other involving 
microsurgical injection of blastocyst-stage em- 
bryos, as described by Gardner [4]. For produc- 
tion of aggregation chimeras, the zona pellucida is 
removed from embryos, which then aggregate. 
After development to morula or blastocysts, the 
embryos are transferred to an intact uterus while 
they are still free of the zona pellucida. The zona 
pellucida of mouse embryos plays an important 
role in their successful transfer to and development 
in the oviduct [1, 7]. 

McGrath and Solter [5] reported a new proce- 
dure for pronuclear transplantation in the mouse. 
Their procedure includes the removal of pronuclei 
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with an enucleation pipette without penetration of 
the plasma membrane. The fusion of the isolated 
nuclei, which are surrounded by cytoplasm and 
plasma membrane, with a previously enucleated 
egg is then induced by Sendai virus (HVJ). This 
method allows the exchange of nuclei among blas- 
tomeres. The nucleus of one blastomere in the 
two-cell embryo can be exchanged for another 
nucleus from a blastomere at the same stage. In 
this way, chimeras can be produced by nuclear 
transplantation. In this report, we describe a new 
method by which nuclear transplantation is used to 
generate chimeras without removal of the zona 
pellucida. 


MATERIALS AND METHODS 


Mice 

C3Hf (GPI-1B) mice were gift of Dr. K. Tana- 
ka, Osaka University. ICR and BALB/c (GPI- 
1A) mice were obtained from SLC, Inc. (Shi- 
zuoka, Japan). Most mice were used at 8 to 10 
weeks of age. 
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Micromanipulation of eggs 


Female mice were induced to superovulate by 
intraperitoneal injections of 7.5 i.u. of pregnant 
mare’s serum, which were followed 48 hr later by 
an injection of 7.5 i.u. of human chorionic gonado- 
trophin. Female mice were paired overnight with 
male mice and vaginal plugs were checked the 
following morning. Two-cell embryos were 
flushed from the anterior portion of the uterine 
horns 24 hr later with Hepes-buffered Whitten’s 
medium [16]. 

The experimental approach, presented schemat- 
ically in Fig. 1, was as follows. Microsurgery was 
performed with micromanipulators (MO-102N; 
Narishige, Japan) and a fixed-stage microscope 
(IMT-2; Olympus, Japan). Holding and enuclea- 
tion pipettes were fashioned from capillary tubing 
(outer diameter, 1.0mm; inner diameter, 0.65 
mm) by the method of McGrath and Solter [5]. 


Fic. 2. Micromanipulation of eggs. 


BALB/c C3Hf 


Remove Transplant 


BALB/c > C3Hf 


C3Hf — > BALB/c 


Fic. 1. Formation of chimeric eggs by nuclear trans- 
plantation 


Before microsurgery, embryos were incubated for 
15 to 45 minutes at 37°C in Hepes-buffered Whit- 
ten’s medium that contained cytochalasin B (5 ug/ 
ml) and colcemid (0.1 »g/ml). Six to eight drops 
of this medium and one drop of a suspension of 


A, The two-cell embryo was secured by a holding pipette and the zona pellucida was penetrated with an 
enucleation pipette. B, The nucleus was aspirated into the enucleation pipette together with a small portion of 
the plasma membrane. C, The nucleus and HVJ were injected into the perivitelline space of a two-cell embryo 
from which one nucleus had been removed in advance. D, The nucleus fused with the two-cell embryo during 


subsequent incubation. 
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HVJ (3000 hemagglutinating units per milliliter) 
that had been inactivated by treatment with (- 
propiolactone were covered with paraffin oil. 
Embryos were then placed singly in six to eight 
hanging drops. Each two-cell embryo was secured 
by a holding pipette and the zona pellucida was 
penetrated with an enucleation pipette (Fig. 2A). 
Penetration of the plasma membrane was avoided 
and the pipette was advanced into one blastomere 
of the 2-cell embryo, at a point adjacent to the 
nucleus. A small volume of cytoplasm, containing 
the entire nucleus, was drawn into the pipette (Fig. 
2B). The enucleation pipette was moved to the 
second drop which contained HVJ, and a volume 
Was aspirated that was approximately equal to that 
of the nuclear karyoplast. The enucleation pipette 
was then moved to a third drop that contained the 
previously enucleated blastomere and intact blas- 
tomere of different two-cell embryo, and was in- 
serted into the perivitelline space through the site 
of the previous enucleation. The nuclear karyo- 
plast and HVJ were injected and the enucleation 
pipette was withdrawn (Fig. 2C). The embryo was 
washed several times with Whitten’s medium and 
incubated in the same medium at 37°C for a few 
hours (Fig.2D). The nuclear karyoplast fused 
with the enucleated blastomere during incubation. 
The fused embryos were then used for experi- 
ments. 


Culture of eggs 


Two-cell embryos were cultured for four days in 
50- ul drops of modified Whitten’s medium under 
paraffin oil at 37°C in an atmosphere of 5% Op, 
5% CO, and 90% No, and the percentage of 
blastocysts was determined. One blastocyst was 
transferred to 10 ul of Dulbecco’s modified Eagle’s 
medium (DMEM) that contained 10% fetal calf 
serum (FCS) in a capillary tube and cultured at 
37 C in an atmosphere of 5% CO; and 95% air for 
4 days for outgrowth of the trophoblast. After 
outgrowth of the trophoblast, the embryo was 
placed in 5 wl of lysis buffer (SO mM Tris, 1 mM 
EDTA ,1mM 2-mercaptoethanol, pH7.5) and 
lysed by three cycles of freezing and thawing. The 
lysate was used as the source of material for 
analysis of isozymes of glucose phosphate 
isomerase (GPI-1). 


Transfer of embryos 


After micromanipulation, the eggs were trans- 
ferred into the oviducts of day one pseudopregnant 
ICR mice. Four to seven embryos were transfer- 
red into each oviduct. The recipients were allowed 
to give birth naturally. 


Analysis of glucose phosphate isomerase (GPI-1) 
isozymes 

GPI-1 isozymes were analyzed by a modified 
version of the method of Eppig et al. [2]. Pieces of 
tissue were homogenized with ground-glass micro- 
homogenizers in 5041 of lysis buffer. Each 
homogenate was centrifuged for 20 min at 16000 x 
g and the supernatant was used as the source of 
enzyme. The isozymes were separated on a Titan 
III Zipzone cellulose acetate plate (Helena Labo- 
ratories, Texas) in 0.043 M Tris, 0.046 M glycine 
buffer (pH 8.5) for 2hr at 180 V. GPI-1 was 
detected with a cellulose acetate plate overlay that 
contained 50mM Tris-HCl (pH8.0), 2.5mM 
MgCl, 2.5mM__§fructose-6-phosphate, 1mM 
NADP, 0.1 mg/ml phenazine methosulphate, 0.5 
mg/ml nitroblue tetrazolium and 5 [U/ml glucose- 
6-phosphate dehydrogenase. After several hours 
of incubation at 37°C, the staining appeared to be 
stable. The relative levels of GPI-1A and GPI-1B 
in each sample were estimated by comparison with 
reference plates on which different proportions of 
GPI-1A and GPI-1B had been analysed. 


RESULTS 


To determine the feasibility of producing 
chimeras by nuclear transplantation, experiments 
were conducted by the method of McGrath and 
Solter [5]. Of 108 experimental embryos, 81 
(75%) under went successful enucleation of one 
blastomere of the two-cell embryo, and 74 (91%) 
of the resulting nuclear karyoplasts were success- 
fully injected, together with inactivated HVJ, into 
the perivitelline space of two-cell embryos with 
single enucleated blastomeres. After incubation at 
37°C, the karyoplast had fused to the plasma 
membrane of the enucleated blastomere in 70 
(95%) embryos. The overall efficiency of nuclear 
transplantation was, therefore, 65%. 
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TABLE 1. Development of chimeric eggs after nuclear transplantation in vitro 
econ: No. of cultured Developmental stage (%) 
HOS Arrested Morula Blastocyst 
Operated 
BALB/c — C3Hf 23 1 3 19 (83%) 
C3Hf + BALB/c 19 8 2 9 (47%) 
ICR > ICR 28 7 1 20 (71%) 
Total 70 16 6 48 (69%) 
Unoperated 
BALB/c 12 1 1 10 (83%) 
C3Hf 11 0 1 10 (91%) 
ICR 33 0 1 32 (97%) 
Total 56 1 3 52 (93%) 


Eggs were cultured for 4 days at 37°C in 5% CO , 5% Op, and 90% Nb. 
BALB/c — C3Hf denotes that a nuclear karyoplast of a two-celled embryo from a BALB/c mouse 
was fused with an enucleated blastomere of a C3Hf mouse embryo at the same stage. 


C3HF — BALB/c denotes the reverse. 


After microsurgery, experimental and control 
embryos were cultured for 4 days and the number 
of embryos that successfully developed to the 
blastocyst stage was determined (Table 1). Of 56 
unoperated embryos, 3 (5%) and 52 (93%) de- 
veloped to the morula stage and the blastocyst 
stage, respectively. By contrast, of the 70 operated 
embryos, 6 (9%) and 48 (69%) developed to the 
morula stage and the blastocyst stage, respectively. 

Figure 3 shows the electrophoretic profile of 
GPI from embryos with trophoblast outgrowths. 
BALB/c embryo gave only the AA homodimeric 
band, and C3Hf embryo gave only the BB homo- 
dimeric band. The F,; (BALB/c xC3Hf) embryos 
expressed the AA, hybrid AB and BB allozymes. 
By contrast, the nuclear-transferred embryos gave 
the AA and BB homodimeric bands but not the 
AB band. 

Table 2 summarizes the development of control 
and operated eggs after transfer to oviducts. 
Transfer of 173 control two-cell embryos to the 
oviducts of pseudopregnant females resulted in the 
implantation of 93 (54%) and in the birth of 46 
progeny (27%). By contrast, transfer of 154 
operated embryos resulted in the implantation of 
63 (41%) and in the birth of 19 progeny (12%). 
Out of 19 mice, 3 were completely covered with 
coat of the BALB/c type (albino), 13 were com- 
pletely covered with coat of the C3Hf type 


1 (BALB/c x C3Hf) 
F1 (BALB/c x C3Hf) 
BALB/c—-C3Hf 
C3Hf—BALB/c 
BALB/c + C3Hf 
-C3Hf 


+—-. 


Fic. 3. Electrophoretic profiles of glucose phosphate 
isomerase from chimeric embryos. 
Each lane shows the GPI-1 isozymes of an embryo. 
Each blastocyst was cultured for 4 days at 37°C in 
DMEM that contained 10% FCS. After trophoblast 
outgrowth, each embryo was lysed by freezing and 
thawing and the lysate was used as the source of 
GPI-1. 


(agouti), and 3 exhibited chimeric coat color. Of 
the three chimeras, two were phenotypic males 
and one was female. 

Figure 4 shows isozyme patterns for the chimeric 
mice. The chimeric mice contained both BALB/c 
and C3Hf mouse cells and the two types of cell 
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TaBLE2. Postimplantation development of chimeric eggs after nuclear transplantation 


Type of egg No. of transferred _ No. of ues 
3 = embryos implantation Phenotype No. 
Operated 
BALB/c — C3Hf 78 33 BALB/c 2 
C3Hf 7 
Chimera 1 
C3Hf— BALB/c 76 30 BALB/c il 
C3Hf 6 
Chimera 2, 
Total 154 63 19 
Unoperated 
BALB/c 103 53 BALB/c 20 
C3Hf 70 40 C3Hf 26 
Total 173 93 46 


Eggs were transferred into the oviduct of day 1 pseudopregnant recipient mice. 
BALB/c— C3Hf and C3Hf— BALB/c are explained in the footnote to Table 1. 


BALB/c —® C3Hf; chimera no. 1 
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were distributed almost equally. The three 
BALB/c-type mice, namely, those with albino 
hairs, gave only the AA homodimeric band of 
GPI-1 and the 13 C3Hf-type mice, namely, those 
with agouti hairs, gave only the BB homodimeric 
band of GPI-1 when various organs, such as the 
liver, kidney, brain and blood, were analyzed 
(data not shown). 


DISCUSSION 


The results of this study confirm that chimeric 
embryos can be produced by replacing the nucleus 
of one blastomere in a two-cell embryo with 
another nucleus from a blastomere at the same 
stage. The morphology of the operated embryos, 
which continued to develop, was essentially the 
same as that of unoperated normal embryos. The 
percentage of blastocysts that developed in vitro 
from operated embryos was slightly reduced as 
compared with that from unoperated embryos. 
The early development of mouse embryos is reg- 


Fic. 4. Distribution of cells in chimeric mice. 
The proportion of each type of cell was determined 
from the relative levels of GPI-1 isozymes. The 
GPI-1 isozyme of BALB/c is the AA type and that 
of C3Hf is the BB type. 
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ulated by an intrinsic cytoplasmic program [14]. 
The physiological relationship between the donor 
nucleus and recipient cytoplasm may not be totally 
appropriate. The rate of development to blasto- 
cysts in vitro was lower in C3Hf + BALB/c, than 
in BALB/c — C3Hf embryos. However, the im- 
plantation rate, the number of young produced 
and the efficiency of formation of chimeras were 
similar for C3Hf—BALB/c and BALB/c— 
C3Hf embryos. Among the operated embryos, the 
number of progeny was significantly lower than 
that among control embryos, although implanta- 
tion rates were not statistically different. This 
difference is probably due to the reduced rate of 
development into blastocysts of operated embryos 
and/or the reduced rate of development after 
implantation. The reason for the reduction in the 
rate of development after implantation has not yet 
been determined. In the production of aggrega- 
tion chimeras between BALB/cA-nu/nu and 
C3H/HeN mice, Ohsawa et al. [9] reported that 
446 aggregated embryos were transferred to recip- 
ient mice and 52 offspring were born. Of these 
offspring, 39 grew to adult mice and 17 were 
chimeras. Therefore, the efficiency of formation 
of chimeras was about the same as in the present 
experiments. However, further experimentation is 
necessary to explain fully the efficiency of forma- 
tion of chimeras by this method. 

Compared with other methods such as the gen- 
eration of aggregation chimeras, our procedure 
has two advantages. First, it can produce two 
chimeras from two two-cell embryos. In the case 
of the method involving aggregation of embryos, 
only one chimera can be generated from two two- 
cell embryos. The second advantage of our 
method is that it is not necessary to remove the 
zona pellucida. Aggregation chimeras are pro- 
duced after removal of the zona pellucida, which 
has an important role in the successful transfer to 
and development of mouse embryos in the oviduct 
[1, 7]. In sheep, Moor and Cragle [8] found that 
eight-cell embryos, from which the zona pellucida 
had been removed enzymatically, failed to con- 
tinue to develop either in vitro or after transfer to 
recipient ewes. The sheep embryos prior to the 
late morula stage fail to survive in vivo after the 
zona pellucida had been removed [13]. There is no 
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satisfactory method reported for culture of sheep 
embryos in vitro at early cleavage stages. Produc- 
tion of sheep chimeras by aggregation of blasto- 
meres is more complex and laborious than the 
method used for the production of murine 
aggregation chimeras. Usually, sheep embryos are 
embedded in agar after aggregation for production 
of chimeras in order to seal any lesions in the zona 
pellucida, and then they are transferred to the 
oviduct [3]. Therefore, our method, which does 
not require removal of the zona pellucida will 
probably prove more effective and, in addition, 
more versatile than methods that rely on the 
simple aggregation of denuded embryos. 
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Production of Normal< Macular Mouse Chimeras: The Presence 
of Critical Tissue in the Macular Mutant Mouse, 
a Model of Menkes’ kinky Hair Disease 


SHINSAKU NAKAGAWA*!, Ryuyt ADACHI’, MASAHARU MIYAKE!, 


Takao Hama!, Kencut TANAKA~ and TADANoRI MayumMr? 
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Nishi-ku, Kobe 651-21 and *Faculty of Pharmaceutical 
Sciences, Osaka University, Suita, Osaka 565, Japan 


ABSTRACT—The macular mouse (Mo””) is a murine model of the Menkes’ kinky hair disease. The 
Mo” allele is a recessive lethal mutation. Mo”” mice die about 15 days after birth, exhibiting behavior 
of some neurological disorders without evidence of a connective tissue abnormality. A multitude of 
morphologic abnormalities have been described in hemizygotes (Mo””/Y) and homozygotes (Mo”"/ 
Mo”™). As an approach to determine the critical tissue in the macular mutant mouse, we produced 
chimeras from macular mutant and normal mouse embryos. Thirteen chimeras were obtained, and 11 
of these chimeras survived without copper treatment. In surviving chimeras, normal mouse cells were 
present in all tissues. However, 2 chimeras died at days 16 and 22 after birth, respectively. The normal 
mouse cells were not distributed in the liver of both chimeras. The copper concentration in the liver of 
both chimeras were significantly low in the same manner as the Mo”/Y and Mo’”/Mo’ mouse. Our 


© 1993 Zoological Society of Japan 


findings provide important evidence in the search for “critical tissue” in the macular mouse. 


INTRODUCTION 


Menkes’ kinky hair disease in humans is a well 
established genetic entity, inherited as an X-linked 
recessive, and affecting the central nervous sys- 
tem, skin, hair, blood vessels and bones. Its 
metabolic defect is considered to be due to a 
failure in copper homeostasis in the body in which 
copper accumulates in some organs including the 
intestinal mucosa and kidney, but is deficient in 
others including the brain and liver [1, 2, 4]. 

The macular mutation (Mo) found by Nishi- 
mura [11] is an allele at the X-linked Mottled (Mo) 
locus. The mutant mouse has many clinical and 
biochemical similarities to Menkes’ kinky hair 
disease [6, 12, 20, 21] as same as brindled mouse 
(Mo’’) which is an allele at the X-linked Mo locus. 
The normal mice and heterozygotes (Mo”/+) 
have brownish black fur and mosaic brownish 
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black and white fur, respectively, and develop 
normally [20]. However, its hemizygotes (Mo”"/ 
Y) and homozygotes (Mo”™/ Mo") show white fur 
and curly whiskers from day 3 after birth, and 
ataxia and tonic seizure on day 8. They lose weight 
after day 10 and die with severe emaciation on 
around day 15. However, Mo” /Y and Mo™/ 
Mo”™ mice given copper on day 7 can survive 
followed by normal growth and fertility. Mice that 
are not given copper have a copper deficiency in 
the brain and serum, and also have decreased 
serum ceruloplasmin levels as measured by copper 
oxidase activity. We also found that Mo’/Y mice 
which were not treated with copper showed atro- 
phy in the thymus and spleen on day 14 [9]. 
Chimeric embryos have been valuable in the 
study of developmental mechanisms [19], sex de- 
termination [8], cell-cell interactions [14], and the 
rescue of otherwise lethal phenotypes [17]. We 
therefore produced chimeras between normal and 
macular mice in order to determine whether sur- 
vival without copper treatment is possible, as well 
as to elucidate the mechanisms of the congenital 
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copper deficiency in the brain and liver, but the 
copper accumulation in the kidney and intestine. 


MATERIALS AND METHODS 


Mice 

Breeding pairs of C3Hf (Mo”/+) mutant and 
C3Hf (+/Y) mice were provided by the labora- 
tory of Clinical Biochemistry, Wakayama Medical 
College. Mo”/Y (glucose phosphate isomerase-1 
type B; GPI-1B) and Mo”/Mo”™ (GPI-1B) mice 
were obtained from mating Mo”/+ and Mo™/Y 
mice that were derived from our breeding colony. 
Mo™/Y and Mo™/Mo™ were subcutaneously in- 
jected with 10 ug of Cu as cupric chloride per gram 
of body weight at 7 days after birth as described 
previously [18]. ICR, BALB/c (GPI-1A) and 
CDF1 mice (GPI-1A) were obtained from SLC, 
Inc., Shizuoka, Japan. Most mice were studied at 
8 to 10 weeks of age. 


Production of chimeras 


Mo™/Mo™ and Mo™/Y mice which were trea- 
ted with CuCl, on day 7 were used. Embryos of 
Mo™ mice were obtained from Mo” /Mo™ x 
Mo™/Y, and embryos of normal mice were 
obtained from BALB/cxXBALB/c or CDF1xX 
BALB/c. Female mice were superovulated by 
intraperitoneal injections of 7.5 i.u. of pregnant 
mare’s serum, followed 48 hr later by an injection 
of 7.5 i.u. of human chorionic gonadotrophin. 
Female mice were paired overnight with male mice 
and vaginal plugs were checked the following 
morning. Two-cell-stage embryos were flushed 
with Hepes buffered Whitten’s medium from the 
anterior portion of the uterine horns 24 hr later. 

Detailed procedures of the production of 
chimeras by nuclear transplantation have been 
described previously [10]. Eggs were microma- 
nipulated, washed several times and transferred to 
the oviducts of day 1 pseudopregnant ICR mice. 


Analysis of GPI-1 isozymes 


To examine the proportion of normal mouse 
cells to macular mouse cells, isozyme patterns of 
GPI-1 in the tissues were analyzed by a modifica- 
tion of the method of Eppig et al. [3]. GPI-1 


isozymes were separated electrophoretically on a 
Titan III Zipzone cellulose acetate plate (Helena 
Laboratories) with 0.043 M Tris, 0.046 M glycine 
buffer (pH 8.5) for 2hr at 180 V. Staining was 
carried out as described previously [10]. The 
proportions of GPI-1A and GPI-1B were deter- 
mined from the original electrophoretic gels using 
a densitometer (Shimazu CS-910). 


Chemical analysis 


The copper levels in tissues were determined by 
flame atomic absorption spectrometry (Hitachi 208 
type) after solubilization in HNO3. 


RESULTS 


Table 1 shows the in vitro development of oper- 
ated embryos when two normal strains were used. 
After microsurgery, experimental and control 
embryos were cultured for 4 days and the number 
of embryos that developed to the blastocyst stage 
was determined. Of 80 BALB/c@Mo™ chimeric 
eggs, 7 (9%) and 56 (70%) developed to morula 
and blastocyst stages, respectively and of 16 
CDF1< Mo” chimeric eggs, 7 (44%) and 5 (31%) 
developed to morula and blastocyst stages, respec- 
tively. 

To produce the chimeric mouse, the operated 
embryos were transferred to the oviducts of day 1 
pseudopregnant ICR mice. A total of 355 oper- 
ated embryos were prepared, from which 52 live- 
born animals were obtained; 13 of the newborn 
animals were chimeric as determined by the coat 
color (Table 2). Eleven of these chimeras did not 
have discernible developmental abnormalities. 
However, 2 chimeras died at day 16 (chimera #1, 
male) and 22 (chimera #2, female) after birth, 
respectively. Figure 1 shows the normal, macular 
and chimeric mice. The fur was agouti in the + /Y 
mouse, and white in the Mo””/ Y mouse on day 14 
after birth. Chimeras #1 and #2 had white and 
brown mosaic fur. These chimeras and the Mo”/ 
Y mouse had curly whiskers, whereas the +/Y 
mouse had straight whiskers. The body weight of 
the Mo”’/Y mouse treated with CuCl, on day 7 
gradually increased, although it weighed slightly 
less than that of the +/Y as shown in Fig. 2. The 
Mo™/Y mice gained weight normally until about 
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TaBLE 1. Development of chimeric eggs after nuclear transplantation in vitro 
evar eee NOWOoncunitcd Developmental stage (%) 
is embryos Arrested Morula Blastocyst 
y 

Unoperated 

BALB/c Wi 14 8 (10%) 55 (71%) 

CDF1 14 6 3 (21%) 5 (36%) 

Mo”™ 197 18 29 (15%) 150 (76%) 
Operated 

BALB/c@BALB/c 21 9 1 ( 5%) 11 (52%) 

Mo” = Mo™ 3 0 1 (33%) 2 (67%) 

BALB/coMo™ 80 17 7 ( 9%) 56 (70%) 

CDF1<Mo™ 16 4 7 (44%) 5 (31%) 


Eggs were cultured for 4 days at 37°C in 5% COs, 5% O, and 90% N3. 


TaBLE 2. Postimplantation development of chimeric eggs after nuclear transplantation 
Pups 
No. of transferred No. of 
Type of eggs embryo liveborn liveborn chimera 
(% of implants) (% of liveborn) 
BALB/c Mo™ 207 116 17 (15%) 2 (12%) 
CDF1<Mo™ 148 35 (42%) 11 (31%) 


Eggs were transferred into the oviduct of day 1 pseudopregnant recipient mouse. 


a a on day 1 6 
Fic. 1. 


day 10, but thereafter, showed gradual weight-loss 
and some physiological abnormalities such as fre- 
quent tonic seizure and ataxia, and died around 
day 15 in an emaciated condition (Fig. 2). The 
development of the Mo”’/Mo™ mice was similar 
to that of the Mo”™/Y mice (data not shown). 
Iwane [5] also reported that the clinical features of 


ig 


BSL 
™/Y) on day 14 


Chimera #2 on day 22, i 


Coat color distribution in chimeras +1 and #2. 


the Mo” /Mo”™ mice were quite similar to those of 
the Mo” /Y mice. The body weight of chimera 
+1, which was produced between BALB/c and 
macular mice, gradually increased until day 12. 
Thereafter, it gradually lost weight, had frequent 
tonic seizures and ataxia like the Mo’”/Y mouse 
and died with severe emaciation on day 16. 


656 


+/Y 
Mo™y 
Mo™/Y (Cu) 


= 


Body weight (g) 


1 5 10 15 20 25 30 
Age (Days) 


: get aan #1 
8 —o— Chimera #2 
i es Hie olga oe 4 
A 
Liver 
Kidney 
Brain 
Intestine 
Thymus WWMM 
Heart Yb. 
Lung UJ“ 
Spleen WM. 
Stomach UVVZTZT=@€=6—'_’; 
Testis V4 
0 20 40 60 80 
Proportion of cells (%) 
C maculares CDF1 
Liver YQWUDd5édoté6t04A 
Kidney en 
Brain 
Intestine YY LLLLLLLLLLL, dd 
Thymus MMM, 
Heart WWMMshéhhis 
Lung YW0ddédt£t5:A 
Spleen Yt 
Stomach YuDdédétttt: A 
Testis Yl 


0 


60 80 
Proportion of cells (%) 


100 


100 


S. NAKAGAWA, R. ADACHI et al. 


Chimera #2, which was produced between CDF1 
and macular mice, also gained weight normally 
until about day 14, when it reached a plateau and 
thereafter slightly lost weight. This mouse showed 
occasional tonic seizures and ataxia and died with 
severe emaciation on day 22. 

Figure 3 shows the distribution of chimerism 
among the various tissues, as determined by GPI-1 
activity, in 4 chimeras. The proportion of BALB/c 
to macular mouse cells in the tissue of chimera #1 
ranged from 45:55 to 20:80 except for the liver. 
In the chimera #2, the liver, thymus, lung and 
spleen were composed only of macular mouse cells 
and the ratio of CDF1 to macular mouse cells in 


Fic. 2. The body weight gain of normal (+/Y), macu- 
lar (Mo”") and chimeric mice. Mo’ (Cu); Mo” 
mouse was treated with 10 4g of copper per gram of 
body weight at 7 days after birth. Chimera #1 died 
16 days and chimaera #2 died 22 days after birth. 
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Fic. 3. Distribution of cells in chimeric mice. The proportion of each type of cell was determined from the relative 
levels of GPI-1 isozymes. The GPI-1 isozyme of BALB/c and CDF1 mouse is the AA type and that of the 
macular mouse is the BB type. A, chimera #1; B, chimera #2; C, chimera #3; D, chimera #4. 


Macular Mutant 


other tissues ranged from 80:20 to 50:50. In the 
surviving chimeras (#3 and #4), normal mouse 
cells were present in all tissues including the liver. 
The other surviving chimeras were also made of 
normal and macular mouse cells in all tissues (data 
not shown). 

Table 3 shows the relative organ weight of 
chimeras. We previously reported that Mo”/Y 
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mice had atrophy in thymus and spleen tissues [9]. 
The relative organ weight of Mo”/Y mice treated 
with Cu on day 7 did not differ from those of +/Y, 
but, in the Mo”/Y mice which were not treated 
with Cu, the relative weights of the spleen and 
thymus were lower, while those of the brain, 
kidney, heart and lung were higher than in the + / 
Y mice at day 14. Chimera #1 had enlarged brain, 


TaBLE 3. Relative organ weight of Mo” mouse at day-14 and chimeric mouse 

Liver Kidney Brain Heart Lung Spleen Thymus 
+/Y 3.24+0.39 1.214015 4.2740.45 0.5140.06 1.15+0.14 0.4740.08  0.44+0.10 
Mo™/ + 3.2740.21 1.254013 5.024061 0.59+0.09 1.324014 0.53+0.15 0.49+0.10 
Mo™/Y 3.16+0.51  1.54+0.12* 7.10+0.97* 0.83+0.11* 1.44+0.11* 0.19+0.04* 0.28+0.09* 
Mo™/Y (Cu)? 3.52+0.58 1.3440.17 4.9841.16 0.594015  1.21+0.22 0.49+0.15 0.42+0.11 
#1 Chimera 4.02 2.24 7.92 1.32 2.04 0.42 0.36 
#2 Chimera 3.70 1.97 7.99 0.84 1.54 0.22 0.11 


The value is organ weight/body weight (%). 
*; Mo™ mouse was treated with 10 yg of copper per 


gram of body weight at 7 days after birth 


*; Significantly different from normal mice (+/Y), p<0.01. 


TABLE 4. Copper concentration in organs of various mouse 


Concentration of Cu (ug/g tissue), Mean+S.D. 


Mouse 
Liver Brain Kidney Intestine 

Day 14 after birth 
BALB/c (male) 39.2+7.6 1.8+0.1 2.5+0.2 2.6+0.6 
BALB/c (female) 40.4+9.4 1.8+0.2 2.4+0.1 2.2+0.1 
CDF1 (male) 33.6+7.3 1.7+0.1 2.4+0.2 2.1+0.2 
CDF1 (female) 38.1+10.4 1.8+0.2 2.4+0.1 2.2+0.1 
+/Y 20.3+7.6 1.4+0.3 2.5+0.3 3.1+0.3 
Mo™/ + 4.2+0.6 0.8+0.1 13.8+4.0 10.1+4.9 
Mo™/Y 3.3+40.3 0.4+0.1 11.4+2.5 15.5+7.4 
Mo”™|/Mo™ 3.2+0.2 0.3+0.1 9.4+0.8 16.3+4.3 
Mo™/¥ (Cu)? 5.0+0.6 0.7+0.1 31.8+2.3 16.1+1.5 
Mo™/Mo™ (Cu)? 4.2+0.7 0.7+0.1 27.3+4.5 18.4+5.5 
Chimera #1 3.6 0.4 11.9 DES) 
Chimera #2 3)55) 0.9 13.9 4.1 

Adult 
+/Y 4.1+1.1 5.3+1.0 4.2+0.4 1.6+0.2 
Mo”™/Y (Cu)? 3.8+0.7 2.5+0.4 18.4+4.5 2.4+0.5 
Mo”™/ + 4.7+0.7 Zes)ae 13) 27.8+8.2 3.6+0.7 
Chimera #3 5.8 5.0 12.4 3.0 
Chimera #4 5.2 4.9 28.3 2.6 


a. 


; Macular mouse was treated with 10 ug of copper per gram of body weight at 7 days after birth. 
Chimeras +1 and #2 died 16 and 22 days after birth, respectively. 


The copper concentration was 


measured as described in Materials and Methods. 
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kidney, heart and lung, but did not show atrophies 
in thymus and spleen tissues. On the other hand, 
chimera #2, like the Mo’/Y mouse, had a smal- 
ler spleen and thymus, and enlarged brain, kidney, 
heart and lung compared with those of +/Y mice 
at day 14. 

Table 4 shows the copper concentration in the 
tissues of various strains of mice. In macular mice 
at 14 days after birth, the copper concentration in 
the liver and the brain were significantly low, 
whereas those in the kidney and intestine were 
remarkably high. In macular mice treated with 
copper, the copper concentration in the brain was 
intermediate between those of normal and macular 
mice, but the level in the kidney and intestine was 
extremely high, and that in the liver was also 
extremely low in macular mice. In the Mo”™/+ 
mice, the copper concentration in the liver and the 
brain was equal to that of macular mice treated 
with copper; that in the kidney was similar to that 
of macular mice, and in the intestine, the copper 
concentration was intermediate between normal 
and macular mice. The copper level of chimera 
+1 remained low in the liver and the brain and 
high in the kidney. However, the copper level in 
the intestine was the same as that in the normal 
mouse. Chimera #2 had a low and high copper 
levels in the liver and kidney, respectively. The 
copper level in the brain and intestine were similar 
to those in the normal mouse. 

During the development of normal mice, the 
copper concentration in the brain and kidney 
increased, while those in the liver and intestine 
decreased, especially at a higher rate in the liver. 
In the adult mouse, the copper level of Mo’/Y 
(Cu) remained low in the brain and high in the 
kidney and intestine. The copper level of Mo” /Y 
(Cu) in the liver was the same as that of the normal 
mouse. In the adult Mo’”’/+ mice, the copper 
concentration in the liver was equal to that of 
normal mice, but in the brain, it was intermediate 
between +/Y and Mo”/Y (Cu) mice. Further- 
more, in the kidney and intestine, it was as high as 
that in Mo” /Y (Cu) mice. The copper level of 
chimeras #3 and #4 remained high in the kidney 
and intestine. However, the copper levels in the 
liver and the brain were same as those of normal 
mice. 


DISCUSSION 


The macular mutant mouse is considered to be a 
model of Menkes’ kinky hair disease because of its 
clinical, biochemical and pathological similarities 
to the disease [7, 12, 20]. The genetic lesion 
established the existence of a specific transport 
system for copper, but the problem has not been 
solved thoroughly. 

The utility of the genetic approach is strength- 
ened by experimental procedures that permit the 
close intermingling of mutant and normal cells in 
various tissues. We used nuclear transplantation 
to produce chimeras between normal (BALB/c 
and CDF1) and macular mice in an attempt to 
produce animal with macular mouse cells distri- 
buted in various tissues. We produced 13 chimeric 
mice. All Mo™/Y and Mo”™/Mo™ mice which 
were not treated with copper normally gained 
weight until about day 10, but then ceased to grow, 
gradually becoming inactive and dying on about 
day 15. However, the majority of normal « Mo” 
chimeras grew normally without copper treatment 
even after day 10. Furthermore, surviving chime- 
ras did not show any tonic seizures and ataxia, 
although chimeras #1 and +2 died at day 16 and 
22 after birth, respectively. In 13 liveborn chime- 
ras, all contained a component from Mo”™ hemizy- 
gotes or homozygotes. However, examination of 
the tissue distribution of macular mouse cells in the 
dead chimeras revealed dramatic differences com- 
pared to the other surviving chimeras. In surviving 
chimeras (#3 and #4), normal mouse cells were 
contained at a ratio of 40-60% in all tissues. 
However, the macular mouse cells comprised 
above 99% of the liver in chimeras #1 and #2, 
although the thymus, lung and spleen in chimera 
#2 were also composed only of macular mouse 
cells. The effects of the Mo” gene could not be 
rescued in any chimeric environment in the liver. 
Thus, the liver is one of the “critical tissues” in 
which the presence of a high proportion of macular 
mouse cells leads to an abnormal, nonviable phe- 
notype. 

The thymus and spleen were smaller in macular 
mutant mice. Brindled mice, in contrast, show 


little effect on thymus weight, whereas an atrophic 
In copper 


effect is evident in the spleen [15]. 
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deficient mice, the larger spleen and smaller thy- 
mus are characteristic [16]. Atrophy of both 
thymus and spleen is characteristic of macular 
mutant mice. Chimera #2 which had no normal 
mouse cells in the thymus and spleen showed the 
atrophy of these tissues similar to that of macular 
mutant mice. However, the thymus and spleen 
weight was little affected in chimera #1 even 
though macular mouse cells occupied 60 and 75% 
of these organs, respectively. Therefore, it seems 
that the abnormal development of the thymus and 
spleen in the macular mouse can be largely cor- 
rected when macular mouse cells in these tissues 
are allowed to develop in conjunction with normal 
thymocytes and spleen cells. 

There were low levels of copper in the brain and 
liver, and high levels in the kidney and intestine of 
macular mice. The disturbance of copper homeo- 
stasis in Mo”’/¥ mice agreed closely with those 
reported by Ooyama et al. [13] and Tanaka et al. 
[18]. Copper levels of brindled mice are low in the 
brain and liver, but high in the kidney and intestine 
[15]. In the Mo”™/+ mice, the level of copper 
concentration in the brain and intestine was in- 
termediate between normal and macular mice, but 
that in the liver was extremely low. The copper 
level in the kidney was also higher than that in 
normal As a result of random X- 
inactivation, Mo”/+ mice are genetic mosaics 
containing an approximately equal number of nor- 
mal and macular cells. Chimeras #1 and #2 were 
mosaics with intermingling normal and macular 
cells in various tissues except the liver. Thus, the 
copper concentration in the livers of chimeras #1 
and +2 were expected to be similar to those of 
Mo”™/¥Y or Mo™/Mo™, while those in the brain, 
kidney and intestine should be the same as those of 
Mo”™'/ +. However, the copper concentrations in 
the intestines of chimeras #1 and #2 were similar 
to that in the +/Y intestine, whereas the copper 


mice. 


concentration in the brain of chimera #1 was the 
same as that of the Mo”/Y. The copper concen- 
trations in the liver of Mo” mice and chimeras +1 
and +2 were extremely low in comparison with 
those of normal mice. However, the copper con- 
centrations in the liver of surviving chimeras (#3 
and +4) and adult Mo”/Y (Cu) mice were the 
same as that of the normal mouse. In surviving 


chimeras, it can be considered that the disturbance 
of copper homeostasis in macular mouse cells was 
directly improved by normal mouse cells or copper 
homeostasis at tissues level was maintained by 
normal mouse cells. Nevertheless, the copper 
levels in the liver of surviving chimeras at day 14 
after birth remains low. Further investigation is 
required to elucidate a connection between the 
copper content and the ratio of chimerism in the 
liver at day 14 after birth. Those of the kidneys in 
chimeras #1 and #2, and the severity of the 
changes in the copper content was unexpected 
considering the intestine copper levels were equal 
to those in normal mice. Copper content in the 
intestine was unexpected since the brain levels 
were similar to those of Mo”"/+ mice. In surviv- 
ing chimeras, it may be considered that the dis- 
turbance of copper homeostasis in macular mouse 
cells was directly improved by normal mouse cells 
or that copper homeostasis at the tissue level was 
maintained by normal mouse cells. 
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ABSTRACT—The yolk granules of sea urchin, Hemicentrotus pulcherrimus, were observed by an 
electron microscope and classified into 4 types; dense, intermediate, sparse and lysosomal yolk 
granules, on the basis of their structural characteristics. In unfertilized eggs, most of the yolk granules 
were dense granules, whereas they were not observed in gastrulae. During the development of the sea 
urchin embryo, the dense granules decreased, while the sparse granules increased. The yolk granules 
seem to change from the dense state to the sparse state via the intermediate state. These morphological 
changes are in accordance with those observed in the yolk granules, which are isolated and incubated in 
acidic conditions [22]. 

Some biochemical changes, which underlie these morphological changes, were also investigated. 
Analyses of yolk proteins by column chromatography and SDS-polyacrylamide gel electrophoresis 
revealed that overall physico-chemical properties of yolk glycoprotein complex were maintained after 
proteolytic processing. The lipid composition of the yolk granules was analyzed. In acidic conditions, 
although triacylglycerol, phosphatidylcholine and phosphatidylethanolamine were lost more than 50%, 
70% of cholesterol was retained after the incubation in acidic conditions for 24 hr, when the yolk 
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granules became the sparse state. 


INTRODUCTION 


The yolk granules are generally considered as 
storage organelles containing raw materials and 
energy source to be consumed during the 
embryogenesis. The yolk granules of sea urchin 
contain a glycoprotein of apparent molecular 
weight around 180 kDa, called vitellogen, a major 
yolk glycoprotein or a major yolk protein [2, 9, 
22]. A similar glycoprotein has also been identified 
in the sand dollar, Dendraster excentricus [16]. A 
precursor to this protein, vitellogenin is synthe- 
sized in the intestine of female and male and also 
in ovaries and testes in Strongylocentrotus purpur- 
atus [21]. It has been also reported that vitel- 
logenin is synthesized by coelomocytes and se- 
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creted into coelomic fluid [8]. Vitellogenin is pro- 
cessed to vitellogen after incorporation into ovar- 
ies and it is accumulated in the eggs. Vitellogen 
disappears during the development of sea urchin 
embryos, while lower molecular weight proteins 
appear in developed embryos such as blastulae and 
gastrulae [2, 9, 20, 22]. In several species of sea 
urchins, leupeptin-inhibitable thiol protease(s) 
play a key role in these changes in composition of 
yolk proteins [19, 22]. Although vitellogen dis- 
appears as development proceeds, remarkable 
changes in the number and mass of the yolk 
granules are not observed [2, 12]. Yolk granules of 
Hemicentrotus pulcherrimus have a membrane- 
limited vescular structure in which electron-dense 
subparticles of 40-80 nm in diameter are packed. 
Density of subparticles decreased distinctively in 
the yolk granules incubated in acidic conditions 
[22] as observed in gastrulae. Experiments on 
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proteolytic processing of vitellogen by incubation 
of isolated yolk granules in acidic conditions [19, 
22] were conducted on the basis of the hypothesis 
that cleavage of yolk proteins is generated by 
acidification of yolk granules. In addition, recent- 
ly, direct evidence indicating that proteolysis of 
vitellogen is regulated by acidification of yolk 
granules in sea urchin embryos was reported [13]. 
Although the mechanism for acidification of yolk 
granules after fertilization is still unclear, the acid- 
ification is to influence not only the composition of 
yolk proteins but also the composition of other 
constituents. 

In this work, the morphological change in yolk 
granules during early development of sea urchin, 
H. pulcherrimus, are studied by electron micros- 
copy. Biochemical analyses of compositional 
changes in constituents of the yolk granules were 
also performed. The relationship between mor- 
phological observations and biochemical analyses 
is discussed. 


MATERIALS AND METHODS 


Eggs and spermatozoa of Hemicentrotus pul- 
cherrimus were collected by pouring isotonic KC] 
solution into the opened body cavity. The eggs 
were fertilized by addition of suitably diluted 
sperm suspension, and the embryos were cultured 
at 20°C under continuous stirring of 60 rpm with a 
synchronous motor. Unfertilized eggs, 16-cell 
stage embryos, swimming blastulae just after 
hatching and gastrulae (23 hr after insemination) 
were fixed for 30min at 4°C. The fixative con- 
tained 1% glutaraldehyde and 1% OsQ,y in arti- 
ficial sea water buffered with 0.1M sodium 
cacodylate (pH 7.0). The fixed specimens were 
rinsed with the same buffer containing 0.5% 
EDTA and dehydrated with ethanol series. They 
were then mixed evenly and stained en bloc with 
lead citrate and uranium acetate. After being 
embedded in Poly/Bed 812 (Polyscience Inc. War- 
rington, PA. USA) on a flat plate, embryos having 
suitable direction were selected. Thin sections 
(approximately 120nm) were examined with a 
Hitachi H300 electron microscope. Classification 
of yolk granules according to their morphological 
characteristics and the measurement of their size 


were carried out on printed images. For more 
accurate comparison of density of each yolk gra- 
nule, an image analyzing system was employed. 
The direct images on a JEM-2000FX electron 
microscope were put in Excell-II image analyzer 
(Nippon Avionics Co. Tokyo, Japan) through a 
CCD camera and processed. The relative bright- 
ness of each yolk granule was calculated mechani- 
cally. For the reduction of deviation caused by 
sample preparation, all measurements were per- 
formed on a single section. 

The yolk granules from unfertilized eggs were 
isolated and incubated in artificial sea water acid- 
ified with citric acid as reported previously [22]. 
SDS-polyacrylamide gel electrophoresis was car- 
ried out according to Laemmli [10]. Protein con- 
centration was determined by the method of Brad- 
ford [4] using bovine serum albumin as the stan- 
dard. 

Analysis of lipids was performed as described by 
Mita and Ueta [14]. Total lipids extracted from 
yolk granules by the method of Bligh and Dyer [3] 
were analyzed by high performance thin layer 
chromatography (HPTLC). HPTLC plates were 
developed for polar lipids with chloroform- 
methanol-acetic acid-formic acid-water (35:15 :6: 
2:1) and then for non-polar lipids with hexane- 
diethylether-acetic acid (70:30:1), according to 
Macala et al. [11]. A standard lipid mixture was 
applied on each plate. After development, the 
plates were soaked into cupric acetate (3%)- 
phosphoric acid (8%) solution and heated at 180°C 
for 15 min [11]. In most cases, the plates were 
scanned for densitometry immediately after heat- 
ing. The amounts of triacylglycerol, phosphatidyl- 
choline, phosphatidylethanolamine and cholester- 
ol were determined from the standard curves of 
the respective authentic lipids. For analysis of 
fatty acid composition, isolated triacylglycerol, 
phosphatidylcholine and phosphatidylethanol- 
amine on a thin-layer chromatography (TLC) plate 
were subjected to methanolysis by heating with 
5% HCl in methanol at 85°C for 2hr. The fatty 
acid methylesters were extracted with n-hexane 
and analyzed by gas-liquid chromatography using a 
GC-R1A gas-liquid chromatograph (Shimadzu In- 
strument Co., Kyoto, Japan) equipped with a 
coiled column packed with 15% EGSS-X (Gasu- 
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kuro Kogyo Inc., Tokyo, Japan). stadt, Germany). Ultrogel AcA 34 was from LKB 
The phospholipids, triacylglyceride, cholesterol, (Upsala, Sweden). DE 32 was a product of 

cholesterol ester and fatty acid standards were Whatman (Maidstone, England). All reagents and 

obtained from Sigma (St. Louis, Mo. USA), solvents used were at the highest grade commer- 

HPTLC plates (Silica gel 60) and TLC plates cially available. 

(Silica gel 60) were purchased from Merck (Darm- 


od, 


aS 


Fic. 1. Yolk granules having different morphological features. Typical “dense” type a), “intermediate” type b), 
“sparse” type c) yolk granules, and two “lysosomal” type d, e) yolk granules. Each type corresponds to these in 
Table 1. Note small membrane-bounded particles (arrows). Bar indicates 1 ~m, common to a-e). 
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RESULTS 


Morphological observation 


Morphological changes in yolk granules during 
early development were examined with transmis- 
sion electron microscopy. Unfertilized eggs, 16- 
cell stage embryos, swimming blastulae and gastru- 
lae were used as developmental stages. In order to 
minimize differences caused by preparation of 
samples, similarly fixed specimens were evenly 
mixed, block-stained, embedded in a flat plate and 
sectioned in the same thickness. According to 
their morphological appearance, we classified yolk 
granules into 4 categories: dense, intermediate, 
sparse and lysosomal. The first 3 categories were 
based on the density of yolk particles in each yolk 
granule. We chose two certain densities, high and 
low of intermediates, as standards. Yolk granules 
having higher density than high standard were 
classified as dense. The granules which have the 
density between two standard densities and lower 
density than low standard were classified as in- 
termediate and sparse, respectively. The lysosom- 
al yolk granules were those which fused with or 
were engulfed into a lysosome. Typical 4 types of 


TABLE 1. 
embryos, H. pulcherrimus 


yolk granules are shown in Fig. 1. The dense type 
(Fig. 1a) is limited by a single membrane in which 
small and electron dense particles were tightly 
packed. Some of these particles seem to be 
encircled by a membraneous structure (arrows). 
The density of particles are moderate in the in- 
termediate type (Fig. 1b), and low in the sparse 
type (Fig. 1c). Some of the lysosomal type have 
fused with a lysosome and formed a secondary 
lysosome (Fig. 1d). Another lysosomal type has 
been ingested in clumps in a large lysosome. The 
yolk granules ingested in the secondary lysosome 
varies in their density. Most of them have an intact 
limiting membrane (Fig. le). This type seems to 
be formed by the process through autophagic 
movement. Yolk granules at each developmental 
stage were classified into these 4 types in electron 
micrographs. The constitutional rate at each stage 
is Shown in Table 1. The dense type is abundant in 
unfertilized eggs, while the sparse type is dominant 
in the gastrula stage. These data indicate morpho- 
logical transition of yolk granules from the dense 
type to the sparse type through the intermediate 
type, in the course of early development. The 
consitutional ratio of these three types did not 
remarkably differ from portion to portion in a 


Changes in the constitutional ratio of yolk granule type of the developing sea urchin 


Characteristics of yolk granules 


Stage 


Dense (%) Intermediate (%) Sparse (%) Lysosomal (%) 

Unfertilized egg 94 6 0 0 
16-cell stage 

Micromere 29 64 7 0 

Mesomere 38 62 0 0 

Macromere 29 67 4 0 
Blastula 

Animal area D) 85 11 2 

Vegetal area 3 81 16 0 

Mesenchyme 0 79 20 1 
Gastrula 

Animal area 0 65 35 0 

Vegetal area 0 58 40 2 

Archenteron 0 63 35 2 

Mesenchyme 0 59 34 7 


a 
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developmental stage, such as micromere, meso- 
mere and macromere in the 16-cell stage. The 
ratio of the lysosomal type is very small even at the 
gastrula stage. In order to confirm the morpholog- 
ical change in yolk granules of developing 
embryos described above, we employed another 
method as mentioned in Materials and Methods. 
For getting more accurate estimation of the mor- 
phological changes in yolk granules, the brightness 
of each granule was measured using the image 
analyzing system. The statistical data shown in 
Table 2 indicate that the electron density of yolk 
granules decreases during embryogenesis. These 
data accord well with the morphological changes 
shown in Table 1, although the lysosomal type is 
eliminated from automated measurement. There 
is a possibility that expanded volume of yolk 
granules due to swelling might affect superficial 
increase of brightness. The total amount of mate- 
rials included in a granule must be parallel to 1/B 
xV (where B is relative brightness and V is 
relative volume). Therefore we measured the 
diameter of yolk granules on electron micrographs 
for getting the average diameter. Fifty yolk gran- 
ules with sharp limiting membrane were random- 
ly selected in each stage. The volume ratio of a 
yolk granules in unfertilized eggs to that in gastru- 
lae was calculated to be 1 to 1.3. The volume of 
yolk granules in developing embryos increases. 
When this value and the relative brightness in 
Table 2 were applied to the equation mentioned 
above, the ratio of average sized yolk granules in 
these two developmental stages was calculated to 
be 15 to 13. These results show that increase of 
relative brightness (decrease of electron density) in 


TABLE 2. Relative brightness of yolk granules dur- 
ing development of embryos 


Stage Maximum Minimum Mean+s.d. 
Unfertilized egg 8.59 4.73 6.70 0.98 
16-cell stage 9.54 6.38 7.68 0.77 
Blastula 11.22 8.44 9.77 0.80 
Gastrula 
Ectoderm 11.03 8.54 9.87 0.60 
Endoderm 11.09 8.53 10.03 0.61 


Fifty yolk granules were examined. 


yolk granules during the development results also 
from the decrease in the total amount of sub- 
stances contained in yolk granules due to hydrolysis. 


Biochemical analyses 


Vitellogen and its proteolytically processed pro- 
ducts, which constitute yolk protein complexes, 
were purified from unfertilized eggs and blastulae 
and analyzed as follows. Unfertilized eggs and 
blastulae were homogonized in 5 volumes of 0.02 
M Tris-HCl buffer, pH 7.4, 0.1 M NaCl, 0.1 mM 
phenylmethylsulfonylfluoride and 0.1mM N-a-p- 
tosyl-L-lysine chloromethylketone hydrochloride 
with a Waring blender at 10,000 rpm for 5 min. 
The homogenate received 1/4 volume of n-butanol 
and was further homogenized for 5min. The 
emulsified homogenate was centrifuged at 10,000 g 
for 30 min. The centrifugation separated emulsion 
into 3 phases. The middle aqueous phase was 
collected as a crude yolk protein preparation and 
passed through a column of Ultrogel AcA 34 (3 x 
75 cm) equilibrated with 0.02 M Tris-HCl, pH 7.4, 
and 0.1 M NaCl at a flow rate of 15 ml/hr (Figs. 2 
and 3). Proteins in fractions (10 ml each) eluted 
from a gel filtration column were analyzed by 


£ 
< 
r—) 
C) 
Nn 
_ 
CO] 
Co) 
re) 
< 
© 
2 
‘= 
° 
7) 
2 
<x 
0 = 2E 
10 20 30 40 50 60 
Fraction Number 
Fic. 2. Gel filtraion of butanol extract from unfertilized 
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Fic. 4. SDS-polyacrylamide gel electrophoresis of pro- 
teins eluted from the Ultrogel AcA 34 column. A, 
unfertilized eggs. B, blastulae. Numbers under the 


lanes are numbers of fractions. See details in the 
text. 


SDS-polyacrylamide gel electrophoresis (Fig. 4). 
Although the elution pattern from the 15th to the 
30th fraction observed by absorbance at 280 nm 
was essentially the same in the unfertilized eggs 
and blastulae, electrophoregram in unfertilized 
eggs were different from that in blastulae. The 
fractions rich in vitellogen in the unfertilized eggs 
were saved. In blastulae, the fractions of same 
elution volume as vitellogen of unfertilized eggs 
were pooled. The collected gel filtrates of unfertil- 
ized eggs and blastulae were dialyzed against 0.02 
M Tris-HCl fuffer, pH 7.4, and applied onto a 
DEAE cellulose column (1.4 x 10 cm) equilibrated 
with the buffer used for dialysis. The column was 
washed with the buffer described above. Proteins 
were then eluted with a linear gradient of NaCl 
from 0 to 0.5 M in the same buffer (Fig. 5). The 
protein from both sources eluted from a DEAE 
cellulose analyzed by SDS- 
polyacrylamide gel electrophoresis (Fig. 5). The 
yolk protein complexes from unfertilized eggs and 
blastulae, which are composed of vitellogen in 
unfertilized eggs and of vitellogen-derivatives and 
vitellogen in blastulae, were eluted with same 
elution volume in gel filatration and in the same 
condition on column chromatography. However 
the electrophoretic pattern of yolk proteins in 
unfertilized eggs was different from that in blastu- 
lae as shown in Figs.4 and 5. A protein of 
molecular weight, 180 kDa, (vitellogen) was the 
most abundant protein in unfertilized eggs, where- 
as lower molecular weight proteins were predomi- 
nant in blastulae. The same results were also 
obtained from gel filtration, DEAE-cellulose col- 
umn chromatography and SDS-polyacrylamide gel 
electrohporesis of proteins in yolk granules incu- 
bated in isotonic salt solution buffered at pH 4.5 
(data not shown), as those in blastulae. These data 
indicate that overall molecular mass and ionic 
properties of the yolk protein complexes com- 
posed of vitellogen and its derivatives are main- 
tained at least up to the blastula stage, although 
proteolytic processing of the protein occurs. The 
application of butanol-extraction suggests that 
lipid moieties and carbohydrate moieties may not 
contribute to maintain the form of the yolk protein 
complex in sea urchin eggs and embryos. 

In order to examine whether acidification in yolk 


column was 
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280 nm 


at 


Absorbance 
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Fraction Number 

Fic. 5. Column chromatography on DEAE-cellulose of 
yolk proteins from unfertilized eggs and blastulae, 
and SDS-polyacrylamide gel electrophoresis of yolk 
proteins eluted from a DEAE-celluose column. 
Fractions under the bar were collected and sub- 
jected to SDS-polyacrylamide gel electrophoresis. 
A, unfertilized eggs. B, blastulae, See details in the 
text. 


granules stimulates the hydrolysis of lipids, iso- 
lated yolk granules from unfertilized eggs were 
incubated in isotonic salt solution buffered at pH 
4.5, for 12 and 24hr and lipids in yolk granules 
were analyzed (Table 3). Changes of protein con- 
tents in yolk granules after incubation in acidic 
conditions are also given in Table 3. Amounts of 
lipids and protein are expressed in the ratio of 
remaining amount to the initial amount in the 
preparation used for the incubation. The experi- 


ments were performed in 3 preparations and quan- 
titative values were obtained in duplicate deter- 
minations. Although triacylglycerol, phosphatidy- 
lethanolamine and phsophatidylcholine in yolk 
granules were hydrolyzed more than 50% after the 
incubation for 24hr, approximately 70% of 
cholesterol was retained. The fatty acid composi- 
tion of triacylglycerol, phosphatidylcholine and 


TABLE 3. Changes in contents of lipids and protein 
in isolated yolk granules during incubation in 
acidic conditions 


Constituent 0 12 24 hr 

Triacylglycerol 100 50.0 31.2 
(8.0 mg) 

Phosphatidyl- 100 61.1 50.0 

choline (1.8 mg) 

Physphatidyl- 100 60.0 40.0 

ethanolamine (0.5 mg) 

Cholesterol 100 84.6 69.2 
(1.3 mg) 

Protein 100 69.4 54.9 
(62 mg) 


The amount in parentheses is the initial amount of 
each constituent. 


TABLE 4. Fatty acid composition of triacylglycerol 
in the yolk granules incubated in acidic conditions 


Fatty acid (%) 0 12 24 hr 
14:0 12.5+0.2 12.7402 12.4+0.5 
16:0 24.741.0 25.140.8 26.5+1.1 
16:1 4740.6 4.8408 5.0+0.9 
18:0 A207 DSaeWs) — AxOs=(07/ 
18:1 8.1+0.1 5.5+0.7 5.7+1.0 
18:2 1.44+0.2 14403 0.9+0.3 
18:3 2.8+0.8 2.6+0.6 2.8+0.8 
18:4 4.8415 4841.8 47+1.2 
20:1 11.2+0.4 12.2+0.3 12.3+0.5 
20:2 OOz2i.3  O7/seils OOQseil7 
20:3 LseOA ~ Brac: — ilfse(0)3) 
20 :4(n—6) 7140.4 6941.5 7.2+0.8 
20 :5(n—3) 8.740.2 85+03 8.4+1.0 
22:6 1KOELO 2 1EOEE OM tr. 
Saturated acid 38.941.3 40.441.5 41.5+2.0 
Monoenoic acid 24.0+0.5 22.5+0.9 13.0+1.0 
Polyenoic acid Ses) Syfilacily  sspaae ile) 


The ratio of fatty acids is expressed in mean+s.d.. 
tr., trace (<0.1%). 
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TABLE5. Fatty acid composition of phosphatidyl- 
choline in the yolk granules incubated in acidic 
conditions 

Fatty acid (%) 0 12 24 hr 

14:0 3.0404 2.2408 1.2+0.6 

16:0 5.6+0.6 7.1+0.7 4.8+1.0 

18:0 3.94+1.0 4941.0 4641.3 

18:1 J3aei0) DHaeOO 2/sei2 

18:2 0.3+0.1 05+03 0.3+0.2 

18:3 0.3+0.1 0.4+0.2 0.4+0.3 

20:1 15.340.2 19.2+0.3 19.6+1.0 
20:2 10.2+0.3 8941.0 8.8+1.2 
20:3 tr. tr. tr. 

20 :4(n—6) Mots) 2ia20,/ Ai/M=s20.5 
20 :5(n—3) 30.4+0.7 26.940.5 30.6+1.5 
Saturated acid 12.541.5 14.2+1.2 10.6+2.6 
Monoenoic acid 18.6+1.2 21.94+1.3 22.3+1.2 
Polyenoic acid 68.9+0.5 63.941.0 67.1+2.5 


The constitutional ratio is given in mean+s.d.. tr., 
trace (<0.1%). 


TaBLE 6. Fatty acid composition of phosphatidyl- 
ethanolamine in the yolk granules incubated 
acidic conditions 


Fatty acid (%) 0 12 24 hr 
14:0 1.1+0.5 1.1405 1.2+0.6 
16:0 11.441.0 11.641.2 11.34+1.2 
18:0 11.041.2 12.3409 14.4+2.2 
18:1 0.4+0.2 1.9+0.9 3.0+1.5 
18:2 0.5+0.3 0.9405 1.5+0.9 
18:3 1.5+0.5 tr. 0.2+0.1 
20:1 7.3410 7440.8 6.7+0.8 
20 :2 10.8+1.2 12.2+1.0 12.2+2.4 
20:3 tr. tr. tr. 
20 :4(n—6) 49.8+1.0 48.0+1.5 44.6+1.6 
20 : 5(n—3) 6.2+0.8 4.740.8  4.9+0.9 
Saturated acid 23.54+2.5 24.941.8 26.9+1.8 
Monoenoic acid 7.741.2 9340.8 9.7+1.2 
Polyenoic acid 68.8+2.3 65.842.2 63.44+2.8 
The value is shown in mean+s.d.. tr., trace 


(<0.1%). 


phosphatidylethanolamine in yolk granules was 
analyzed and the results are given in Table 4, 5 and 
6, respectively. Fatty acids of triacylglycerol were 


mostly myristic (20:1) (12%), palmitic (16:0) 
(25%) and eicosamonoenoic (20:1) (12%) acids 
(Table 4). In the case of phosphatidylcholine and 
phosphatidylethanolamine, polyenoic fatty acids, 
such as arachidonic (20:4) and eicosapentaenoic 
(20:5) acids constituted more than 60% of the 
total fatty acid moieties, whereas those in triacyl- 
glycerol were approximately 40%. The predomi- 
nant fatty acids in phosphatidylcholine were 
arachidonic (27%) and eicosapentaenoic (30%) 
acids (Table 5). Arachidonic acid was the major 
component of phosphatidylethanolamine (Table 
6). Most of the lipids are evenly hydrolyzed during 
the incubation in acidic conditions. 


DISCUSSION 


Yolk granules occupy approximately 27% of the 
total volume of sea urchin eggs [1] and the number 
and mass of yolk granules do not change during 
embryogenesis [2, 12]. The current study reveals 
that ultrastructures within yolk granules change on 
the course of embryogenesis, and that the volume 
of yolk granules increases. The density of sub- 
particles in yolk granules decreases gradually. 
These changes in yolk granules agree well with 
changes in protein composition of yolk granules 
observed so far [2, 9, 19, 20, 22]. Lysosome-like 
structures containing yolk granules were reported 
in the pluteus of Arbacia punctulata [2]. In 
Hemicentrotus pulcherrimus, yolk granules fused 
with lysosome-like structures were observed even 
in blastulae, and the occurrence of lysosome-like 
structures containing yolk granules increased as 
the embryonic development proceeds. Lysosomes 
presumably contribute to degradation of yolk gra- 
nules at the later developmental stage by a path- 
way different from that for degradation of consti- 
tuents within yolk granules. The fact that the 
volume of yolk granules increases during develop- 
ment seems to results from the changes in physico- 
chemical properties of the membrane of yolk gra- 
nules, which presumably have some relevance to 
hydrolysis of phospholipids. 

Analyses of vitellogen and its proteolytic pro- 
ducts by SDS-polyacrylamide gel electrophoresis 
and column chromatography revealed that the 
overall physical properties of the yolk protein 
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complex were well maintained after proteolytic 
processing. Electrophoretic analyses of proteins in 
22S yolk glycoprotein complex [9] and yolk 
platelets [2] prepared by centrifugation of the 
sucrose density gradient have shown consistent 
results with that in the present work, although 
properties of yolk glycoproteins on ion exchange 
column chromatography have not been reported. 
Proteolytically processed vitellogen in blastulae, 
gastrulae or yolk granules incubated in acidic 
conditions can be resolved into its fragments by 
SDS-polyacrylamide gel electrophoresis in reduc- 
ing conditions. These results imply that control of 
sulfhydril bondages play an important role for 
organization and dissociation of the yolk protein 
complexes. A glycoprotein complex mediating cell 
adhesion, toposome, and its relationship to vitel- 
logen has been reported in sea urchin eggs and 
embryos [5, 7, 15]. Experiments using polyclonal 
and monoclonal toposome specific antibodies have 
indicated that glycoproteins originating from vitel- 
logen are located in yolk granules and also in the 
intercellular area and surface area of the embryo. 
In this context, the mechanism controlling S-S 
bridges presumably has a key role in translocation 
of glycoproteins derived from vitellogen by pro- 
teolytic processing. 

Besides sea urchins, degradation of vitellogen 
was reported to be activated in acidic conditions 
[6, 17]. Proteolysis of vitellogen in sea urchins is 
reported to be regulated by acidification [13]. The 
presence of several acid hydrolases, including acid 
phosphatase in yolk granules [18, 23] suggests that 
such catabolic enzymes can be used to generate 
fatty acids or carbohydrates from their stored 
macromolecular forms. Analysis of lipids in yolk 
granules incubated in acidic media indicates that 
catabolism of esterified fatty acids in yolk granules 
is generated by enzymes packaged in the same 
granules as in the case of proteolysis of yolk 
proteins. 

Degradation of yolk granules during embryogen- 
esis of the sea urchin presumably is divided into 
two processes. The one is hydrolysis of consti- 
tuents packaged in yolk granule, which is domi- 
nant in the early development and is generated by 
the enzymes synthesized during oogenesis. The 
other is digestion of yolk granules by lysosomes, 


which occurs predominantly in the later develop- 
mental stage. 
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Immunohistochemical Localizations of TGF-/ in the 
Developing Rat Gonads 


SaTosH! Koike! and TETsuo NOUMURA 


Department of Regulation Biology, Faculty of Science, 
Saitama University, Urawa, Saitama 338, Japan 


ABSTRACT— Beta types of transforming growth factor (TGF-s) are known to have a variety of types 
of endocrine, paracrine and autocrine roles in the adult and embryonic tissues. In order to clarify the 
participation of TGF-/3 in rat gonadal differentiation, immunohistochemical expression of TGF-? was 
chronologically studied in perinatal rat gonads. Sprague-Dawley rat gonads from gestational day (GD) 
13 to postnatal day (PD) 21 were fixed in Methacarn solution and stained with a polyclonal antibody 
against native porcine platelet TGF-f in the rabbit by using avidin-biotin complex technique. 

Immunohistochemical reactivity to TGF-f was positive in the germ cells of both sexes from GD 13 to 
PD 21. Moderate and marked staining was seen in male germ cells from GD 16 to PD 21 and in female 
germ cells from GD 21 to PD 11. Leydig/interstitial cells in male gonads were stained from GD 15, and 
moderate and marked staining from GD 16 to PD 11. On the other hand, the Sertoli or peritubular cells 
was not stained during the perinatal period. In contrast to the male gonads, the granulosa and 
interstitial cells in female gonads were stained on PDs 11 and 21. The Wolffian ducts in males and the 
Millerian ducts in females expressed positive but weak reactivity during the perinatal period. The 
mesonephric tubules were faintly stained from GD 13 to 18. 

These results indicate that TGF- shows discrete cell-specific patterns of expression at various stages 
of the rat gonadal development and may participate in the rat gonadal development and differentiation. 


[3, 26]. 
INTRODUCTION 
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TGF-fs are mitogenic for mesenchymal 


Beta type of transforming growth factor (TGF- 
2) was identified and isolated on the basis of its 
ability to induce anchorage-independent growth of 
non-transformed cells [7]. TGF-8s, homodimeric 
25-kDa peptides, are known to have profound 
effects on nearly all types of cells, influencing their 
proliferation and differentiation [for reviews, 28, 
29, 32]. After the cloning of CDNA of TGF-/1 [8], 
five members of TGF-/? have been isolated. These 
are characterized by 70% amino acid identity 
within the bioactive C-terminal portion. Purified 
and recombinant proteins of TGF-1, 22 and (£3 
have been obtained from various mammalian 
SOUICES. 

In recent years, members of TGF-/ play impor- 
tant roles in many different embryonic processes 
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and supporting cells such as bone and cartilage but 
are inhibitory for mitosis in many other cell types. 
In addition, the TGF-fs regulate differentiation, 
stimulate extracellular matrix deposition and in- 
duce mesoderm formation during early embryo- 
genesis. The in vivo localizations of mRNAs for 
TGF-/1, -£2 and -83 during mouse embryogenesis 
have been described in many reports [17, 20, 22, 
24, 25, 30, 33]. Pattern of TGF-2 mRNA expres- 
sion changed as development progressed and the 
expression was found in tissues undergoing mor- 
phogenetic alterations. On the other hand, ex- 
pression of TGF-f proteins to which the mRNAs 
are translated has also been reported in mouse by 
using the immunohistochemical technique [13, 27]. 
TGF-f proteins were detected in many tissues, e.g. 
bone, kidney, liver and nervous tissue, and were 
frequently colocalized with the same cell types as 
the mRNA-expressed cells. In spite of evidences 
that many tissues showed expressions of TGF-? 
mRNA and its proteins, little is known about the 
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TGF-f protein expression during the gonadal de- 
velopment in rat. 

In order to determine the participation of TGF- 
2 proteins in rat gonadal differentiation, immuno- 
histochemical expression of TGF-f was chronolo- 
gically clarified in the fetal and prepubertal rat 
gonads from gestational day (GD) 13 to postnatal 
day (PD) 21. 


MATERIALS AND METHODS 


Experimental animals 


Crj:CD (Sprague-Dawley) rats in 13 to 20 
weeks of age were housed in constant temperature 
(22+2°C), relative humidity (55+ 10%) and light- 
dark cycle (lights on 7:00-19:00). The animals 
fed purina chow and took the tap water ad libitum. 
Cohabitation was done in the evening in the 1:1 
basis of male:female. In the next morning, 
copulation was checked by the presence of sperm 
in the vaginal smear. The day when sperm-positive 
smear was found was designated as GD 0, and the 
day when litter was found was designated as PD 0. 


Preparation of tissues for immunostaining 


Dams were sacrificed from GD 13 to 21 and 
neonates on PDs 5, 11 and 21 by carbon dioxide. 
The gonads and genital ducts dissected from at 
least three fetuses and pups were fixed in Metha- 
carn solution consisting of methanol, chloroform 
and acetic acid, 6:3: 1 in volume for a few hours to 
overnight at 4°C. The sexes of fetuses were deter- 
mined as described by Agelopoulou et al. [2]. 
Then, the tissues were dehydrated through a series 
of graded concentrations of ethanol and xylene, 
embedded in paraffin and sectioned in 5 4m thick- 
ness. 


Immunohistochemistry 


Sections were deparaffinized with xylene and 
hydrated in decreasing concentrations of ethanol, 
incubated in 6 M urea (ICN Biomedicals Inc.) at 
room temperature for 30 min and to block endoge- 
nous peroxidases with 0.5% periodic acid (Sigma 
Chemical Co.) for 15 min. Sections were subse- 
quently rinsed with 10mM_ phosphate buffered 
saline (PBS, pH 7.4, Sigma Co.) for 20 min, block- 


ed non-specific staining with 1.5% normal goat 
serum in 10 mM PBS including 0.5% casein (Wako 
Pure Chemical Industries Ltd.) for 20 min and 
then incubated with avidin and biotin blocking 
solution (Vector Laboratory Inc.) for 15 min each 
at room temperature. After that, sections incu- 
bated overnight at 4°C with the polyclonal anti- 
body against native porcine platelet TGF-f raised 
in the rabbit (R&D systems) at 5 “g/ml in 10 mM 
PBS including 0.5% casein. Dose-response study 
indicated that this concentration of the antibody 
gave optimal labelling results. Following this in- 
cubation the sections were rinsed with PBS and 
then treated with 0.5% biotinylated goat anti- 
rabbit secondary antibody (Vector Lab. Inc. ABC- 
peroxidase staining kit Elite) diluted in 10mM 
PBS containing 0.5% casein for 30 min at room 
temperature. Sections were again washed in PBS 
and subsequently incubated with 2% avidin-biotin 
complex (Vector Lab. Inc. ABC kit Elite) in 10 
mM PBS for 60 min at room temperature. Avidin 
and biotin were prepared at least 30 min before 
applied to the sections to allow the complex to 
form. The sections were again washed in PBS, and 
the bound antibody was visualized with 0.05% 
3,3’-diaminobenzidine tetrachloride (Sigma Che- 
mical Co.) in 10 mM Tris-buffered saline (pH 7.2, 
Sigma Chemical Co.) and 0.01% HO, for 5 min. 

Controls included (a) replacing the primary anti- 
body with normal rabbit serum, (b) using the 
primary antibody that had been pre-incubated 
overnight at 4°C with 10 ~g/ml porcine TGF-1 
(R&D systems) before this mixture was applied to 
the section in order to check the specificity of the 
primary antibody, and (c) omitting the primary 
antibody to check the specificity of the secondary 
antibody. 


RESULTS 


Specificity of antibody 

Preparations which were stained with the anti- 
body to TGF-f, and immunoneutralized antibody 
by pre-incubated with the antigen or with normal 
rabbit serum were shown in Fig. 1. TGF-f anti- 
body stained the kidney cells of fetal rats on 
gestational day 18, but the neutralized antibody or 
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Demonstration of the staining specificity. The kidneys on GD 18 incubated with the TGF-f antibody (A), 


with the neutralized antibody (B) or with normal rabbit serum (C). Staining is seen in the Bowman’s capsules 
(arrow) and the collecting tubules (arrow head) of A, but not those of B or C. Bars: 50 um. 


TABLE l. 


Immunohistochemical Localizations of TGF-f in the Developing Rat Gonads 


Male 


Female 


Duct MT 


MT Gonad 
em RemEs 


The degree of reactivity of the cells or tissues against TGF-B antibody was shown. Grade, -: No detectable, +: 
Slight but above background levels, ++: Moderate,+++: Marked staining. GD: Gestational day, PD: Postnatal day, 
G: Germ cell, S: Sertoli/Supporting cell, P: Peritubular cell, L: Leydig cell, W: Wolffian duct, M: Miillerian duct, 
MT: Mesonephric tubules, Gr: Granulosa/Supporting cell, T: Theca cell, I: Interstitial/stromal cell. 

Shade box was shown that the cells or tissues were not found in that day. 


normal rabbit serum did not stain any cells. There- 
fore, these results showed that this polyclonal 
antibody specifically stained TGF-/-containing 
cells because the fetal rat kidney was confirmed to 
contain TGF-/-positive cells in the preceding re- 
ports [3, 27, 30]. 


Immunohistochemical localization 


Immunohistochemical expression of TGF-/ in 
the developing rat gonads was summarized in 
Table 1. 

The primordial germ cells and germ cells showed 
positive reactivity to the antibody from GD 13 to 
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PD 21 in both sexes. The patterns of develop- 
ment-associated reactivity were different between 
both sexes; the staining intensity in most of male 
germ cells was moderate and marked from GD 16 
to PD 21 (Fig. 2 A and B), but that in most of 
female germ cells was marked from GD 21 to PD 
11 (Fig. 2 E). The number of male germ cells with 
positive reactivity was decreased after PD 11. 


Pa Gins BE UES 3 
Immunohistochemical localizations of TGF- in the developing rat gonads. A, B and C show male gonads on 
GDs 16 and 21, and PD 11, respectively. D, E and F show female gonads on GDs 18 and 21, and PD 11, 
respectively. Moderate and marked staining is obtained in the male germ cells (arrow head) and the Leydig/ 
interstitial cells (arrow) during the perinatal periods. Slight to marked staining is obtained in the female germ 
cells (arrow head) during the perinatal period and moderate staining in the granulosa and interstitial cells (arrow) 
on PD 11. M: Mullerian duct, MT: Mesonephric tubules, W: Wolffian duct. Bars: 50 ~m. 


Fic. 2. 


Leydig cells positively stained from GD 15, the 
time when differentiating Leydig cells were firstly 
recognized by histochemical examination. The 
staining intensity and the number of the Leydig 
cells with positive staining increased with the 
gonadal development during the perinatal period: 
marked staining was seen in almost cells from GD 
18 to PD 11 (Fig. 2 C). On the other hand, female 


TGF-f in Developing Rat Gonads 675 


interstitial cells, which were same origin as Leydig 
cells, did not express positive reactivity during the 
prenatal period (Fig. 2 D). 
obtained in most of the interstitial cells on PDs 11 
and 21 (Fig. 2 F). 

The reactivity of Sertoli and peritubular cells 
was negative during the perinatal period (Fig. 2 A, 
B and C). And also the granulosa cells were 
negative during the fetal period, but became pos- 
itive on PDs 11 and 21 (Fig.2 F). Moderate 
staining was found in most of the granulosa cells on 
PD 11 but slight staining in some cells on PD 21. 
The thecal cells which should be recognized after 
birth were negative during this experimental 
period. 

The expression in Wolffian ducts was slightly 
positive in males for several days during the peri- 
natal period, but negative in females. In contrast, 
the Millerian ducts showed negative expression in 
males, but slightly positive in females on GD 17 to 
20, and on PDs 5 and 11. The mesonephric tubules 
showed faintly positive expression from GD 13 to 
18 in both sexes. 


Positive signs were 


DISCUSSION 


The positive staining to anti-TGF- serum was 
observed in some types of cells in the gonads 
during rat prenatal development. Primordial germ 
cells (PGCs) had already expressed positive stain- 
ing on GD 13 in both sexes. PGCs migrate from 
the extraembryonic mesoderm to the germinal 
ridge and are proliferating during this migrating 
period, up to GD 13 [19, 21]. Therefore, positive 
staining in PGCs on GD 13 indicates that TGF-? 
may be related to the proliferation of PGCs. Male 
germ cells can not differentiate to spermatogonia 
until the neonatal life [11, 31]. The results of 
intensive staining in male germ cells from GD 16 to 
PD 5 indicate that TGF-? may play roles as a 
paracrine mediator for functions of the neighbor- 
ing cells, such as the induction of intermediate 
filament synthesis [9] for seminiferous tubule 
formation and the Millerian-inhibiting sub- 
stance(s) production in the Sertoli cells [14, 15]. 
On the other hand, female germ cells expressed 
the slight/faint reactivity during most of gestation 
period, but marked reactivity was obtained from 


GD 21 and PD 5. Female PGCs differentiate to 
the primary oocytes during the fetal period and the 
primary follicles are formulated after birth [6, 12]. 
Therefore, TGF-£ may participate in the primary 
follicle formation in female gonads as well as 
seminiferous tubule formation in male gonads. 

Leydig cells expressed positive reactivity from 
GD 15 to PD 21. The intensity of staining and 
number of the cells stained was gradually increased 
with gonadal development. Leydig cells were 
morphologically recognized on GD 15 [19 and the 
present study], and thereafter show the ability of 
androgen synthesis in vitro [10, 23, 34]. Therefore, 
the positive stainings in these stages indicate that 
TGF-f may participate in the Leydig cell dif- 
ferentiation, proliferation and steroidogenesis in 
the fetal gonads. However, TGF-f inhibits ster- 
oidogenesis in adult Leydig cells in vitro [4, 18]. 
There may be differences in the regulation of 
TGF-f to steroidogenesis between the adult and 
fetal Leydig cells. The interstitial cells in female 
gonads were stained on PDs 5 and 11. These cells 
have not yet been known to participate in phy- 
siological function of the ovary. Therefore, this 
expression may indicate that TGF-f in female 
interstitial cells would act as a paracrine and/or 
autocrine mediator of neonatal ovarian function. 

The reactivity of Sertoli and the peritubular cells 
was not detected during the perinatal period. This 
is not consistent with the results that TGF-f is 
released from the immature Sertoli cells in vitro 
culture [5]. This inconsistency is due to the differ- 
ence between in vivo and in vitro. Therefore, 
TGF-f may not contribute to the differentiation 
and development of the Sertoli or peritubular cells 
in vivo. On the other hand, the granulosa cells, of 
which origin is the same as Sertoli cells, positively 
stained on PDs 11 and 21. TGF-f stimulates the 
follicle-stimulating hormone (FSH)-induced aro- 
matase activity in granulosa cells [1] and increases 
in the response to FSH in the granulosa cells [35]. 
The expression in granulosa cells indicates that 
TGF-f may participate in the granulosa cell ster- 
oidogenesis in immature female rats as well as that 
in mature rats. 

In our separate study [16], we found that in- 
hibin, a member of TGF-/ superfamily, may par- 
ticipate in the seminiferous tubule formation, the 
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Leydig cell steroidogenesis and the physiological 
regulations of the Sertoli and granulosa cells. This 
experiment shows that TGF-8 may regulate the 
germ cell proliferation, the Leydig cell differentia- 
tion and proliferation, and the granulosa cell ster- 
oidogenesis. Together with these results, growth 
factors may have wide range of roles on the 
gonadal development in rats. The mechanisms for 
endocrine, paracrine and/or autocrine functions of 
TGF-£ as well as inhibins on gonadal development 
remain to be studied. 
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Effects of Tumor Necrosis Factor on Pregnancy-dependent 
Mammary Tumors in GR/A Mice 


Hrrosui Nacasawa! and YosHIHIDE GoTo? 


Experimental Animal Research Laboratory, Meiji University, 
Tama-ku, Kawasaki, 214, Japan 


ABSTRACT—This experiment was designed to examine the effects of twice daily injections of tumor 
necrosis factor (TNF; 5 ~g/0.1 ml physiological saline) on pregnancy-dependent mammary tumor 
(PDMT) in GR/A mice which appears during pregnancy, disappears soon after parturition and appears 
again during the subsequent pregnancies. The significantly positive correlation between the size of 
PDMT and the period of vehicle treatment observed in the control disappeared by TNF treatment. 
Furthermore, the linear regression coefficient was apparently higher in the control than in the 
experimental group. The number of PDMT was also decreased by TNF. Immunohistochemical 
staining of products of c-jun in PDMT was stimulated and those of c-fos and N-myc were inhibited by 
TNF. TNF had no effects on reproduction and the weights of anterior pituitary, adrenals and ovaries. 
All results have demonstrated that TNF inhibits the growth of PDMT corresponding to the period of 
treatment and its effect may be partly through the modulation of some oncogene expression with little 


influence on the endocrine parameters. 


INTRODUCTION 


The GR/A mouse is characterized by the de- 
velopment of pregnancy-dependent mammary 
tumor (PDMT), which appears after the middle of 
pregnancy, reaches the maximal size at the end of 
pregnancy, regresses and disappears soon after 
parturition regardless of lactation [13, 18]. PDMT 
appears again during the subsequent pregnancies 
and its incidence and growth often increase with 
the additional pregnancies [13, 18]. While estro- 
gen, progesterone and placental lactogen were 
found to participate in the growth of PDMT [16, 
17], the mechanism of the growth and regression of 
this type of lesion is mostly obscure. 

Recently, the contribution of autocrine and par- 
acrine systems to the growth or regression of 
normal and neoplastic mammary cells has been 
reported [for review, 9]. Tumor necrosis factor 
(TNF), which is cytotoxic and cytostatic against 
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several transformed cells, is a protein produced by 
macrophages and it has antitumor effects on trans- 
plantable tumors [2, 5, 11, 12]. TNF has also been 
reported to be produced in the carcinomas of the 
breast, ovary and colon [11]. 

Furthermore, numerous works suggesting the 
participation of oncogenes and growth factors in 
normal and neoplastic growth of mammary glands 
have been reported [for reviews, 3, 6, 8, 15]. 

The objective of this study is to examine the 
effects of TNF on the growth of PDMT and the 
immunohistochemical expression of some onco- 
genes. 


MATERIALS AND METHODS 


Animals 


GR/AMei mice maintained in our laboratory by 
strict brother x sister mating were used. At 70-75 
days of age, females were placed with males. 
Pregnant mice were housed individually and 
placed again with males only near parturition to 
induce concurrent pregnancy. Only mice that 
developed PDMT during the Ist pregnancy and 
delivered concurrently were used. 
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Experimental schedule. In Experiment I (Exp I), experimental animals received twice daily injections of 5 


yg/0.1 ml physiological saline from day 15-18 of the 2nd pregnancy-1st lactation, when PDMT sizes achieved 4-5 
mm in diameters, until the day of the 2nd parturition. In Experiment II (Exp IJ), injection was started on day 10 
when PDMT were still unpalpable. Controls were given vehicle only during the corresponding periods. 


Throughout the experiment, mice were kept in 
aluminium cages (12 x 28 x 13 cm) with wood shav- 
ings, maintained in an animal room, which was 
air-conditioned (22-24°C and 55-75% relative 
humidity) and artificially illuminated (14 hours of 
light from 5:00 AM to 7:00 PM), and provided 
with a commercial diet (Lab MR Breeder; Nihon 
Nosan Kogyo KK, Yokohama, Japan) and tap 
water ad libitum. 


Treatments (Fig. 1) 


In Experiment I (Exp I), animals of which 
PDMTs achieved 4-5 mm in size, i.e. on day 15-18 
of the 2nd pregnancy-Ist lactation, were given 
twice daily (8:30 AM and 5:00 PM) intratumoral 
injections of TNF (Peninsula Lab. Inc., Belmont, 
CA, USA; 5 ug/0.1 ml physiological saline) until 
the day of parturition. 

In Experiment II (Exp II), beginning day 10 of 
the 2nd pregnancy-1st lactation, when PDMT was 
still unpalpable, mice received twice daily sub- 
cutaneous injections of TNF (5 4g/0.1 ml) near 
the places where PDMT appeared at the Ist pre- 
gnancy. After PDMT became palpable, the treat- 
ment was changed to the intratumorous injection 
and continued until the day of the 2nd parturition. 
TNF solution was stored at —20°C until used. 


Control mice were given the vehicle only during 
the corresponding periods. However, the data 
were pooled in the Results section, since no differ- 
ence was observed in all parameters examined. 

Some experimental and control mice of Experi- 
ment II were killed by decapitation under the light 
ether anesthesia at the end of the 2nd pregnancy 
and PDMTs were immediatly removed, frozen at 
—80°C and used for immunohistochemical 
staining. 

The remaining mice in each group were sub- 
jected to check the reproduction. 


Size and number of PDMT 


Each mouse was checked daily for palpable 
PDMT from day 12 of the 1st and the 2nd pregnan- 
cies until parturitions. The size of the first PDMT 
expressed in terms of the geometric mean of the 
major 2 diameters was recorded and the final 
number of PDMT was also checked. 


Endocrine organ weights 


At the end of the 2nd pregnancy, some mice in 
each group were killed by decapitation under the 
light ether anesthesia. Anterior pituitary, adrenals 
and ovaries were immediately removed and 
weighed. 
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Reproduction 


Delivery interval, mother weight, litter size, 
still-birth rate, average pup weight at the 2nd 
parturition, and pup growth rate and rearing rate 
on days 12 and 20 of the 2nd lactation were 
recorded [14] in the experimental and the control 
mice of Experiment II. 


Immunohistochemistry 


The sections cut at 6 wm with cryostat micro- 
tome and fixed with 4% paraformaldehyde were 
incubated with 1% BSA/PBS for 20 min followed 
by the incubation with antibody to product of c-jun 
(Oncogene Sci., Manhasset, NY, USA: 3 ng/ml 
PBS), c-fos (Oncogene Sci., 3 ug/ml PBS) or 
N-myc (Cambridge Res. Biochem., Cambridge, 
UK: 10 4g/ml PBS) in a moisture chamber for 24 
hr at 4°C. Horseradish peroxidase-labeled anti- 
rabbit IgG (Amersham, UK: 1:50) or anti-sheep 
IgG (Cappel, West Chester, PA, USA: 1:1000) 
was used for the second antibody to the antibody 
to the product of the respective oncogene. The 
reaction of peroxidase was carried out by diami- 
nobenzidine for 5 min. The sections overlaid with 
normal rabbit serum and 1% BSA/PBS instead of 
the primary antibodies were set as the positive and 
the negative controls, respectively. 

The degree of staining was graded as follows; 
(+ +) positive staining in almost cells of the tissue, 
(+) patchy positive staining of the cells and (—) 
no positive staining in all cells. 


Statistics 


All parameters were expressed in terms of mean 
+SEM and the statistical significance of difference 
in the parameters between each experimental and 
the control groups was evaluated by the Student’s 
t-test. 

Simple correlation coefficients between some 
parameters were also calculated. 


RESULTS 


Growth of PDMT (Fig. 2) 


No significant correlation was observed between 
the size of PDMT and the period of treatment in 
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Fic. 2. Growth of PDMT in each group. ------ : Experi- 
ment I, in which PDMT was already palpable at the 
start of TNF (vehicle) injection. ——: Experiment 


II, in which PDMT became palpable 2-9 days after 
the start of injection. r and a: Correlation and 
regression coefficients, respectively, between the 
size of PDMT and the period (days) of treatment. n: 
Number of estimates. *P<0 05. 


the experimental group, while in the control there 
was a positive correlation between parameters. 
The linear regression coefficient was also apparen- 
tly higher in the control than in the experimental 
group. 


The number of PDMT 


The numbers of PDMT per mouse at the end of 
the 2nd pregnancy were 1.3+0.3 (3), 1.9+0.3 (7) 
and 2.4+0.3 (8) (mean+SEM and the number of 
mice in parentheses) in Experiments I, II and the 
control, respectively. 


Endocrine organ weights (Table 1) 


No difference was seen between the experimen- 
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TABLE 1. Body weight and endocrine organ weights of mother mice at the end of the 2nd pregnancy 
in each group (Mean+SEM) 
eae No. of Body weight Endocrine organ weights (mg) 
TCS (g) Anterior pituitary Adrenals Ovaries 
Exp I 3 35.8+0.5 3.4+0.1 6.5+0.2 13.1+0.5 
Exp II 4 35.5+0.7 3.4+0.1 5.7+0.3 12.9+1.0 
Control 5 35.5+0.5 3.5+0.4 5.8+0.4 11.6+0.9 
TABLE 2. Immunohistochemical staining of oncoproteins in PDMT in each group (%) 
Oncogene c-jun c-fos N-myc 
Grade 

Group 

++ + — ++ + ~ steals + — 
Exp II 0 50.0 50.0 0 0 100 0 0 100 

(0/6)' (3/6) (3/6) (0/6) (0/6) (6/6) (0/6) (0/6) (6/6) 
Control 14.3 14.3 71.4 28.6 28.6 42.9 28.6 28.6 42.9 

(1/7) (1/7) (5/7) (2/7) (2/7) (3/7) (2/7) (2/7) (3/7) 


' Number of positive staining/ number of PDMT examined. 


tal and the control groups in the weights of ante- 
rior pituitary, adrenals and ovaries at the end of 
the 2nd pregnancy. 


Reproduction 


Any reproductive parameter at the 2nd parturi- 
tion and the pup growth rate and the rearing rate 
on day 12 or 20 of the 2nd lactation differed little 
between the experimental and the control groups 
of Experiment II (data not shown). 


Immunohistochemistry of oncogene expression in 
PDMT (Table 2) 


According to the standard shown in Fig. 3, the 
staining of c-jun product in PDMT of mice given 
TNF was more intense compared to the control. 
The positive staining of the product of neither c-fos 
nor N-myc was seen in PDMT of the experimental 
mice, while the positive staining of each oncogene 
product was 4 (57%) out of 7 in the control. 


DISCUSSION 


This study shows that the significantly positive 
correlation between the size of PDMT and the 


period of vehicle treatment observed in the control 
disappeared in the the experimental group treated 
with TNF. Furthermore, the linear regression 
coefficient was apparently lower in the latter than 
in the former. The number of PDMT also tended 
to be smaller in the experimental groups than in 
the control. All results indicate that TNF inhibits 
the growth of PDMT, of which effect is related to 
the period of treatment. Antitumor activity of 
TNF is different due to the injection period as well 
as the type of tumors [2, 11]. Recently, Goto et al. 
[7] found the dramatic changes of several proteins 
in PDMT associated with its growth and regres- 
sion. TNF has been reported to be produced by 
some carcinomas including breast cancer [1]. 
Thus, it is plausible that PDMT may produce TNF, 
which, in turn, may participate in the regression of 
PDMT through the autocrine system. 

The contribution of oncogenes to the develop- 
ment and growth of mamamry tumors has been 
suggested, while the mechanisms remain mostly to 
be solved [3, 6, 8, 15]. In this study, the immuno- 
histochemical staining of products of both fos and 
myc was inhibited, while the staining of jun pro- 
duct was stimulated by TNF. The results suggest 


Pregnancy-dependent Mammary Tumor and TNF 683 


that the inhibition by TNF of PDMT would be at 
least partly due to its modulation of some 
oncogene expression. Incidentally, AP-1/c-jun 
transcripts induced by TNF cause the anti- 
mitogenic action of TNF in human umbilical vein 
endothelial cells [4] and myc expression was inhi- 
bited by TNF in human promyelocytic leukemic 
cell line HL-60 [10]. 
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ABSTRACT— An olfactory system-specific protein (N24; molecular weight 24 kDa) was examined for 
immunological similarity to proteins from various organs (heart, intestine, kidney, muscle, ovary and 
testis) of mature kokanee salmon (Oncorhynchus nerka) by means of Western blotting analysis using a 
polyclonal antibody to N24. The antibody recognized one 24 kDa protein in the testis but none in the 
other organs examined. Immunoelectron microscopic analysis revealed that immunoreactive gold 
particles were mainly concentrated on the nuclei of spermatids and spermatozoa, while no specific gold 
particles were observed on the nuclei and the cytoplasm of spermatogonia, spermatocytes, Sertoli, 
Leydig and peritubular cells in maturing and mature testes of kokanee salmon. This is the first 
description of an antigenic similarity between an olfactory system-specific protein and a testicular germ 
cell protein in the animal kingdom. This corresponding protein may prove to be a useful molecular 


marker for studying the mechanism of sperm chemotaxis during fertilization. 


INTRODUCTION 


Recently we have identified and consequently 
generated a specific polyclonal antibody to an 
olfactory system-specific protein, N24 [11], whose 
molecular weight is 24kDa in severai salmonid 
species including the kokanee salmon (Oncorhyn- 
chus nerka). We have also suggested that N24 has 
some important roles in both olfactory imprinting 
and discrimination of maternal stream odorants, 
since its immunoreactivity in fish in the maternal 
stream was stronger than that in fish in seawater. 
Although our previous Western blotting and im- 
munocytochemical analyses have indicated that 
N24 is localized only in the olfactory system (olfac- 
tory epithelium, olfactory nerve and olfactory 
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bulb) of the nervous organs [11], information was 
lacking as to whether N24 might be present in 
other organs of kokanee salmon, especially in the 
reproductive system. 

The expression of putative olfactory receptor 
gene family in testicular germ cells has been re- 
ported in mammals [9]. This finding is of consider- 
able interest to the hypothesis that common olfac- 
tory and germ cell receptors may be involved in the 
sperm chemotaxis during fertilization. There have 
been several studies providing evidence that the 
sperm chemotaxis appears to be a key event in 
fertilization in the sea urchin [17] and the human 
[10, 16]. 

To date, however, no studies have examined 
whether there are corresponding proteins present 
in both olfactory systems and testes of any animal 
species. The present study was therefore con- 
ducted to investigate the immunological antigenic- 
ity of anti-N24 serum of various organs with special 
reference to the testis in kokanee salmon by West- 
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ern blotting technique. In addition, immunoelec- 
tron microscopic observation was carried out to 
examine antigenic sites of anti-N24 serum in tes- 
ticular germ and somatic cells. 


MATERIALS AND METHODS 


Fish 

Maturing and mature kokanee salmon 
(Oncorhynchus nerka) of both sexes, 3 to 5 years 
old, were caught in Lake Toya from September 22 
to November 14, 1992. In Lake Toya, gonadal 
development in kokanee salmon begins in June, 
and their spawning period is from October to 
November. 

Fishes were anesthetized with 10% ethyl p- 
aminobenzoate and their various organs (heart, 
intestine, kidney, muscle, ovary and testis) were 
removed. Each organ was rinsed quickly in ice- 
cold salmon Ringer [11], homogenized in about 2- 
3 volumes of the same solution, and centrifuged at 
10.000xg for 10min at 4°C. As has been de- 
scribed previously [11], the supernatant fluid was 
subjected to sodium dodecyl sulfate polyacryl- 
amide gel electrophoresis (SDS-PAGE) and to 
Western blotting analysis. Briefly, samples con- 
taining 50 “g protein were resolved by SDS-PAGE 
[4], and analysed by Western blotting [13] using 
anti-N24 serum at a dilution of 1: 2500. 


Immunoelectron microscopy 


Small fragments of testes from maturing and 
mature kokanee salmon were fixed in 2% paraform- 
aldehyde-1% glutaraldehyde in 0.1 M phosphate 
buffer (pH 7.2) for overnight at 4°C, then rinsed in 
0.1M phosphate buffer containing 10% sucrose, 
and dehydrated through graded concentrations of 
ethanol at 4°C. Specimens were embedded in 
Lowicryl K4M (Polaron Equipment, Watford, Eng- 
land) and polymerized at 4°C with an ultraviolet 
polymerizer (Dosaka EM, Kyoto, Japan). 

Immunoglobulin (IgG)-gold technique [15] was 
used for the present immunoelectron microscopy. 
All procedures were done at room temperature. 
Ultrathin sections indicating gold interference col- 
or were collected on uncoated 150-mesh nickel 
grid and placed for 10 min on a dorp containing 


0.1% bovine serum albumin (BSA) in phosphate- 
buffered saline (PBS) to reduce non-specific 
adsorption. Sections were immunoreacted with 
anti-N24 serum diluted at 1:2500 in 0.1% BSA- 
PBS for 2 hr. After rinsing in PBS, the grids were 
reacted with goat anti-rabbit IgG-coated 15 nm 
colloidal gold (E.Y Labs, San Mateo, CA, USA) 
diluted at 1:100 in 0.1% BSA-PBS for 1 hr. After 
rinsing in PBS and then in distilled water, the grids 
were stained with 5% uranyl acetate in distilled 
water for 5 min, and examined on a Hitachi H7000 
electron microscope. The specificity of the present 
immunolabeling was confirmed by the substitution 
of normal rabbit serum or PBS for the anti-N24 
serum. 


RESULTS 


Figure 1A shows the electrophoretic patterns of 
soluble extracts of the heart, intestine, kidney, 
muscle, ovary and testis from a mature kokanee 
salmon as resolved by SDS-PAGE and stained 
with Coomassie Blue. A polyclonal antiserum to 
N24 at a dilution of 1:2500 recognized the 24 kDa 
protein only in the testis; it was absent from all 
other organs examined by Western blotting analy- 
sis (Fig. 1B). 

Sites reacting with anti-N24 serum in maturing 
and mature kokanee salmon testes were detected 
by immunoelectron microscopic analysis. No spe- 
cific gold particles were observed on the nuclei or 
the cytoplasm of spermatogonia, Sertoli and peri- 
tubular cells (Fig. 2A), spermatocytes (Fig. 2B), 
and Leydig cells (data not shown). On the con- 
trary, gold-labeled N24 immunoreactivity was pre- 
ferentially located on the nuclei of spermatids (Fig. 
2C) and spermatozoa (Fig. 2D). In the spermatid, 
the gold particles were concentrated on electron- 
dense portion of the nucleoplasm, and some were 
observed on the cytoplasm (Fig. 2C). Few gold 
particles were localized on the tail of spermatozoa 
(Fig. 2D). 

In control sections, no specific gold particles 
were present on the cytoplasm nor on the nuclei of 
any spermatogenic or somatic cells. 
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SDS-PAGE (A) and Western blotting (B) of soluble extracts of heart (1), intestine (2), kidney (3), muscle 


23-4 5 6 


(4). ovary (5) and testis (6) from mature kokanee salmon. Anti-N24 serum (1:2500) recognizes a band of 
molecular weight 24 kDa in the testis but not in the other organs. Arrowheads identify a testicular 24 kDa 


protein. Numbers at the left are Mr standard x 10°. 


DISCUSSION 


The two immunological analyses in the present 
study clearly demonstrate the immunological simi- 
larity between an olfactory system-specific protein 
and a testicular germ cell protein in kokanee 
salmon. Although we were not able to separate 
testicular constituent cells into spermatogenic and 
somatic cells by the Western blotting analysis, the 
immunoelectron microscopic analysis has revealed 
that the antigenic sites reacting with anti-N24 
serum were observed only in spermatids and sper- 
matozoa, localized mainly on their nuclei. The 
immunoreactivity were concentrated on their nuc- 
leoplasm, but not specific to their nuclear mem- 
brane. The testes from maturing and mature fish 
were used for the present observation, but we have 
not examined the sperm after spermiation yet. 
Further studies are necessary to investigate the 


antigenic site of spermiating sperm. The signi- 
ficance of some immunoreactivities on the cyto- 
plasm of spermatid also needs for further inves- 
tigations. For all that, the present paper accounts 
for the first time the existence of a corresponding 
protein that is found in both the olfactory system 
and the testis of animals. 

Parmentier et al. [9] have reported that a com- 
mon receptor gene family encodes for olfactory 
and germ cell receptors, and that these receptors 
may be involved in the sperm chemotaxis during 
fertilization. The molecular basis for the specificity 
of interactions between egg and sperm during 
fertilization has been studied in both the animals 
and plants [3]. The chemoattraction of sperm to 
egg, involving receptors of the guanylate cyclase 
family, has been established in the sea urchin [3, 
17]. And the sperm chemotaxis to ovarian folliclu- 
lar factors has also been demonstrated in the 
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Fic. 2. Immunoelectron micrographs of maturing (A, B and C) and mature (D) testes of kokanee salmon. The 
immunoreactive gold particles to N24 are mainly concentrated on the nuclei of spermatids (St in C) and 
spermatozoa (Sp in D), but not on those of spermatogonia (Sg in A), Sertoli cells (S in A), peritubular cells (P in 
A) and spermatocytes (Sc in B). Scales: A and B, 1 um; C and D, 0.5 um. 


human [10, 16]. These studies supply evidence to _ gate any factors of sperm origin chemoattractive to 
the sperm chemoattraction in response to some eggs. 

defined molecules of egg origin in the animal. In the present study, we could not provide any 
However, no attempts have been made to investi- direct evidences for the involvement of sperm 
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N24-immunoreactive protein in the fertilization 
process. The significance of the concentration of 
the protein on the nuclei of spermatid and sperma- 
tozoa could be partly explained by the fact that 
salmonid sperm does not possess acrosome, so it is 
reasonable to assume that the nucleus itself plays 
some important roles in the mechanism underlying 
the sperm-egg communication. If the sperm pos- 
sesses species-specific proteins which have chemo- 
tactic ability, cross-species fertilization would be 
effectively prevented or at least diminished. 

Another interesting correlation between the 
olfactory system and the reproductive system con- 
cerns sex pheromones. Several electrophysiologi- 
cal studies have shown that some steroid hormones 
and prostaglandins function as potent reproductive 
pheromones in teleost fishes [1, 6, 7, 12]. Female 
goldfish release the gonadal steroid 17a,20/- 
dihydroxy-4-pregnen-3-one, which is the matura- 
tion inducing steroid in female amago salmon [8] 
and is involved in the process of spermiation in 
male amago salmon and goldfish [14], stimulates 
gonadotropin and milt productions in male 
goldfish and functions as a potent sex pheromone 
[2]. Li etal. [5] have reported that cholecystokinin 
acts on cholecystokinin-B receptors as a mediator 
for olfactory influence on reproductive physiology 
in mice. Peptides may prove to be more efficient 
than steroids or prostaglandins as species-specific 
pheromones. The role of urine in sex discrimina- 
tion in the spawning behavior of goldfish has also 
been described [18]. The possibility of pheromon- 
al function of N24-immunoreactive protein in 
sperm should be investigated. 

In summary, this is the first report on the 
antigenic similarity between an olfactory system- 
specific protein and a testicular germ cell protein in 
the animal kingdom. The testicular protein may 
provide a useful molecular marker in studying the 
basic mechanism underlying the sperm chemota- 
xis. The development of an in vitro assay for the 
sperm chemotaxis would shed more light on the 
sperm-egg communication during fertilization. 
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ABSTRACT— Advertisement call characteristics of Amolops chunganensis from western China, A. 
larutensis from Peninsular Malaysia, and A. jerboa from Borneo are described. The last species is 
sometimes grouped into a different genus, but all the three species are considered to constitute a single 
genus Amolops (sensu lato) from their unique larval morphology. Calls of the three species differ 
considerably from each other both in temporal and frequency patterns, and from these acoustic 
characteristics, the idea of subdividing this genus into discrete subgenera is supported, and the three 
species are classified as A. (Amolops) chunganensis, A. (Amo) larutensis, and A. (Meristogenys) jerboa. 
Calls of the three species differ in temporal patterns, but are similar in having rather high dominant 
frequencies and more or less clear frequency modulations. These common acoustic properties seem to 
be well adapted for the call to emerge above the heavy environmental noises. 


INTRODUCTION 


Asian ranid genus Amolops includes more than 
32 species [10], and is characterized by peculiar 
larval ecology and morphology; they inhabit swift 
torrents and bear a large abdominal sucker [4]. 
Recently, Yang [10] and Dubois [2] divided this 
genus into distinct genera and subgenera, respec- 
tively. However, their classifications are based 
chiefly on adult and larval morphology, and other 
taxonomically important characteristics such as 
acoustic and biochemical ones are not included. 
Thus, it seems worth to reassess taxonomic treat- 
ments of these authors from approaches other than 
morphology. 

The acoustic signal plays a very important role in 
the breeding behavior of anuran species, and is 
thus regarded as one of the key characteristics that 
are responsible for the speciation events in this 
animal group. Nevertheless, there are only a few 
anecdotal or incomplete reports on the acoustic 


Accepted June 28, 1993 
Received May 27, 1993 


characteristics of frogs of the genus Amolops [1, 5, 
9]. On the other hand, in some anuran genera that 
were studied acoustically as well as morphologi- 
cally, call structure has been known to parallel the 
morphological groups, and, therefore, has some 
phylogenetic significance [3, 6, 8]. In this paper we 
describe call characteristics of three species, 1.e., 
A. chunganensis from China, A. larutensis from 
Peninsular Malaysia, and A. jerboa from Borneo, 
and assess validity of new taxonomic treatments on 
this genus. 


MATERIALS AND METHODS 


Recordings of calls were made in the field by the 
senior author using a cassette tape recorder (Sony 
TC-DS) with an external microphone (Sony ECM- 
23F). Temperature measurements were made at 
the time of recording using a quick recording 
thermistor thermometer (Takara A 600). The 
recorded calls were analyzed using computer prog- 
rams, SoundEdit Vers. 2 or SoundEdit Pro (Mac- 
roMind-Paracomp, Inc.) by a Macintosh com- 
puter. 
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RESULTS 


Amolops chunganensis 


Calls were recorded on Mt. Omei-shan at the 
altitude of 700 m, Sichuan, China, on 27 July 1992. 
Air temperature at the time of recording was 
27.4°C. Males were observed to form a loose 
aggregation and call even in the daytime (1400 hr) 
either in the low bushes along streams (width<8 
m) or on rocks in the streams with a moderate 
current. 

The call (Fig. 1A) consisted of a continuous 
series of notes lasting more than 30 sec. Each note 
consisted of four to seven clear pulses (Table 1). 
The note length increased with the increment of 


FREQUENCY (KHZ) 
psy 


number of pulses included (0.133 sec in four 
pulsed note to 0.259 sec in seven pulsed note). 
The length of inter-note interval, however, was not 
always proportional to the note length. The pulse 
repetition rate was nearly similar among notes with 
different number of pulses (30.0 per sec in four 
pulsed note and 27.0 per sec in seven pulsed note). 
Weak frequency modulations are present within a 
note, and the dominant frequency was initially 
about 3000-3400 Hz, but rose towards the end of 
the pulse series to about 3500-3800 Hz. Harmo- 
nics were absent. 


Amolops larutensis 


Calls were recorded at Frasers Hill, Larut Hill, 
and Gombak, Peninsular Malaysia, on 10-12 De- 


1.2 1.5 1.8 2.1 2.4 
TIME IN SEC 
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Fic. 1. 
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Sonagrams of advertisement calls of Amolops chunganensis (A), A. larutensis (B), and A. jerboa (C, D). 
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TaBLE 1. Call characteristics of three Amolops species (Mean+1SD, followed by sample size) 
Species eo earls arm Final (egrency 
Amolops chunganensis 
4 pulsed note 0.133 +0.002 0.217+0.009 3440.0+ 142.9 3798.0+ 97.9 
10 9 10 10 

5 pulsed note 0.170 +0.005 0.186 +0.021 3163.6+192.4 3895.4 + 169.4 
11 10 11 11 

6 pulsed note 0.201 +0.004 0.219 +0.027 3250.0+ 70.7 3487.5+ 64.0 
10 8 7 8 

7 pulsed note 0.259+0.018 0.188 + 0.023 3004.5 + 230.7 3604.5+ 96.0 
11 11 11 11 

Amolops larutensis 

1st note 0.175 +0.006 * 0.077 + 0.003 5440.0+ 114.0 4625.0 + 137.6 
6 6 5 6 

2nd note 0.029 + 0.002 0.090 + 0.002 4804.1+ 84.6 4387.5 4213.2 
6 6 6 5 

3rd_ note 0.032 +0.001 — 4776.6+ 39.4 4362.5+175.4 
6 — 6 6 

Amolops jerboa 

0.042 +0.014 — 7152.9+403.1 4266.6+ 159.8 

17 — 17 6 


* initial weak phase not included. 


cember 1992, 2-3 January 1993, and 24 January 
1993, respectively. Air temperatures at the time of 
recording varied from 19.3 to 21.7°C. Males called 
at night on rocks in or at the edge of streams 
(width<5 m) with swift currents. 

Calls were emitted with long intervals (22-37 
sec). A call lasted about 0.49 sec and included 
three discrete notes (Fig. 1B). The first note was 
long and unpulsed, and included two continuous 
phases. The first phase was short (about 0.085 sec) 
and had marked frequency modulation; it rose 
gradually in frequency from 4300 Hz upto 5400 Hz 
and descended quickly to 4900 Hz. This phase, 
especially from the start to the point with the 
highest frequency, was weak and seldom traced in 
the sonagram, and therefore, its length is omitted 
in Table 1. The second phase was long (0.175 sec) 
and almost constant in frequency (about 4900 Hz), 
but with a slight frequency modulation in the final 
portion (to 4600 Hz). Each of the subsequent two 
notes were produced with an interval of 0.077- 
0.091 sec. They were short pulses (about 0.03 sec 
in length), but were similar to the second phase of 


the first note in frequency pattern. No harmonics 
are evident in either of the three notes. 


Amolops jerboa 


Calls were recorded on Mt. Gunung Serapi, at 
the altitude of 150m, near Matang, Kuching, 
Sarawak, on 12 December 1990. Body tempera- 
ture of males measured immediately after record- 
ing averaged 25.2°C. Males were calling at night 
on low trees along the edge of a swift stream 
(width<5 m) with waterfalls. 

The call (Fig. 1C, D) was emitted sporadically 
(intervals about 65-104 sec), and consisted of a 
very short, unpulsed note, lasting about 0.042 sec 
(Table 1). A call included two continuous phases, 
of which the first one was very short (about 0.004— 
0.014 sec) and had a marked frequency modula- 
tion; it descended quickly in frequency from over 
11000 Hz down to about 10000 Hz and again rose 
to over 11000 Hz. This phase was only very weakly 
traced in the sonagram (Fig. 1D). The second 
phase was longer (0.020-0.074 sec), but with an 
even conspicuous frequency modulation, and the 
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frequency decreased rapidly from about 11000 Hz 
to 3000 Hz. Dominant frequencies were traced at 
about 7100 and 4200 Hz ranges, and harmonic 
bands are often found between 4200-7800 Hz 
ranges. 


DISCUSSION 


In describing three new species of the genus 
Amolops from Borneo, the senior author [7] noted 
remarkable differentiation in eggs and larval mor- 
phology between Chinese and Bornean members 
of this genus and suggested that they represent 
different evolutionary lineages. Later, Yang [10] 
divided this genus into three distinct genera: Amo- 
lops Cope, 1865 from mainland Southeastern Asia, 
Huia Yang, 1991 from Java, Sumatra, Borneo, 
Thailand, and southern China, and Meristogenys 
Yang, 1991 endemic to Borneo. Dubois [2], on the 
other hand, retained only one genus Amolops, but 
divided it into four subgenera; he relegated Yang’s 
[10] three genera (Amolops, Huia, and Meris- 
togenys) to subgenera, and added a new subgenus 
Amo Dubois, 1992. According to their classifica- 
tions, A. chunganensis and A. jerboa belongs to 
the genus or subgenus Amolops and Meristogenys, 
respectively, whereas A. Jarutensis is assigned to 
the genus Amolops by Yang [10] or subgenus Amo 
by Dubois [2]. Although Yang [10] adopted cladis- 
tic methods in his revision, his interpretation of a 
monophyletic group is ambiguous, and we think it 
more reasonable to recognize only one genus 
Amolops for frogs from Southeastern Asia that are 
united by a distinct synapomorphy (larval abdo- 
minal sucker). The problem is the number of 
lineages present within this genus. 

As shown above, calls of the three species differ 
considerably both in temporal and frequency pat- 
terns, and from these acoustic characteristics, they 
seem to represent different lineages. Pope [9] 
noted that Rana (=Amolops) chunganensis from 
Fujian produced several kinds of calls, one of 
which seems to conform to the call described 
above. Kiew [5] noted that Staurois (=Amolops) 
larutensis had a shrill call hardly audible above the 
roar of the water. No exact data for calls are 
available for other members of the genus Amolops 
(sensu lato) except for Dubois [1], who briefly 


reported a call of a Nepalese frog which might be 
that of A. afghanus (A. marmoratus, according to 
Dubois [2]), the type species of the genus Amo- 
lops. No sonagram was given, but the call was 
reported to be a single note (length=0.2 sec) with 
a dominant frequency between 2000-2500 Hz. 
This frequency range is significantly lower than 
that of the three species described above, but this 
might be attributable to a difference in the body 
size. In the note length, the call seems to resemble 
the first note of A. /arutensis, but it is impossible to 
make further comparisons because of the lack of 
additional data. No call data are available at 
present for members of Huia [10], either. 

From our acoustic analyses, Dubois’ treatment 
[2] seems better than Yang’s one [10] in that A. 
chunganensis and A. larutensis are quite dissimilar 
in call characteristics, and are therefore to be split 
taxonomically. Thus, the three species are clas- 
sified as A. (Amolops) chunganensis, A. (Amo) 
larutensis, and A. (Meristogenys) jerboa. It should 
be noted, however, Dubois’ taxonomy [2] is far 
from complete, including important mistakes such 
as inclusion of Rana taiwaniana in his subgenus 
Amolops {2: p. 321]. The species actually is not a 
member of the genus Amolops, but is synonymous 
with Rana swinhoana (Matsui, Unpublished data). 
Future studies on additional species will demons- 
trate the relationships of acoustic characteristics 
and phylogeny of this genus. 

Although fairly differentiated in characteristics, 
calls of the three species described herein were all 
emitted at the edge of rapid currents, where heavy 
noises, with additional songs of other frog species 
and insects, seem to prevent frogs from transmit- 
ting acoustic signals. The three species in common 
have calls with rather high dominant frequencies 
and more or less clear frequency modulations. On 
the other hand, they are different in the degree of 
these traits, and they even more differ in temporal 
patterns of calls. Amolops chunganensis gives 
nearly continuous calls with distinct pulses, but the 
frequency and degree of frequency modulation 
were lower than those of A. lJarutensis and A. 
Jerboa. The call of A. larutensis is shorter and 
emitted only sporadically, but dominant frequency 
is higher and frequency modulation is more 
marked than in A. chunganensis. Finally, calls of 
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A. jerboa are shortest and emitted with longest 
intervals, but dominant frequency and degree of 
frequency modulation are most conspicuous 
among the three species. All of these different call 
characteristics seem to be well adapted for the call 
to emerge above the heavy environmental noises. 
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ABSTRACT—The Japanese firefly, Hotaria parvula, is separated into two types on the basis of body 
size (large and small type), flash interval of the mate-seeking male and geographic distribution pattern. 
The degree of genetic differentiation between the two types and between H. parvula and the congeneric 
species H. tsushimana was examined in 11 populations by allozyme analysis of 13 enzymes. The 
dendrogram for these populations constructed according to Nei’s genetic distance showed that H. 
parvula was divided into two groups corresponding to small and large types. All the small-type 
populations were clustered within a slightly differentiated group, while the large type populations were 
considerably differentiated from one another. The genetic distance between the two types was 0.108, 
and that between H. parvula (of both types) and H. tsushimana was much higher (0.305) than that 
within either the large-type or small-type populations of H. parvula. These findings suggested that the 
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small type of H. parvula originated from an ancestor similar to the large type of H. parvula. 


INTRODUCTION 


The firefly Hotaria parvula Kiesenwetter is wide- 
ly distributed in Japan except in the Hokkaido and 
Okinawa Islands and is endemic to Japan. One of 
the present authors, Ohba, previously reported on 
the dimorphism in this species that males of large 
and small types were 10 and 5 mm in body length 
respectively [10, 11], and that this size dimorphism 
corresponded strictly to the dimorphism of flash 
interval of the mate-seeking male. The flash 
intervals of the large and small types were 1 and 
0.5 sec respectively [11, 12]. Furthermore, the two 
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types were distributed allopatrically. The large 
type was distributed in almost all the areas men- 
tioned above, while the small type occurred in 
some parts of Kyushu, Shikoku and the western 
area of Honshu Islands [12]. These findings sug- 
gest that the two types are reproductively isolated 
from one another. Therefore, genetic analyses are 
urgently needed, in order to clarify this point. 

Molecular approaches are powerful tools to 
elucidate the degree of genetic differentiation 
among populations. An electrophoretic technique 
of allozymes, in particular, has been widely used 
for population genetic studies [5, 6]. 

In this paper, we report the results of elec- 
trophoretic analysis of allozymes applied to ten 
populations of the two types of H. parvula and one 
population of H. tsushimana Nakane, which is a 
congeneric species closely related to the former. 

We also construct a biochemical dendrogram 
from genetic distances calculated from allele fre- 
quencies and estimate a speciation process among 
them. 
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MATERIALS AND METHODS 


Fireflies 

Fireflies used for electrophoresis were as fol- 
lows: Large-type Hotaria parvula were collected 
from 1: Aomori, Aomori Prefecture (July 1989); 2: 
Tsukuba, Ibaraki Prefecture (July 1989); 3: 
Kamiyu, Mt. Hakone, Kanagawa Prefecture (July 
1990); 4: Nagoya, Aichi Prefecture (May 1989); 5: 
Okazaki, Aichi Prefecture (June 1990); and 6: 
Toyonaka, Osaka Prefecture (May 1990). Small- 
type H. parvula were collected from 7: Yugawara, 
Kanagawa Prefecture (June 1989); 8: Ohiradai, 
Mt. Hakone, Kanagawa Prefecture (July 1990); 9: 
Kuma, Ehime Prefecture (July 1989); and 10: 
Kokura, Fukuoka Prefecture (June 1990). Hotaria 
tsushimana were collected from 11: Tsushima Is- 
land, Nagasaki Prefecture (June 1990). Specific 
localities are mapped in Figure 1, and the numbers 
of individuals used for electrophoresis in each 
population are shown in Table 1. Fireflies were 
stored at —20°C until used. 


Electrophoresis 


After wings were removed, whole bodies were 
homogenized individually with 250 ul of 20mM 
phosphate buffer (pH6.9) containing 1mM 
EDTA in ice water bath. After centrifugation of 
the homogenate at 10000 rpm for 10 min at 4°C, 
40% sucrose of the same volume as the clear 
supernatant was added, and 40 wl of this mixture 
was subjected to electrophoresis. 

Electrophoresis was performed on 7.5% polyac- 
rylamide gel according to Davis [3] using slab gel 
apparatus (gel size: 135 x 110 x 1 mm) for superox- 
ide dismutase (SOD) and disc gel apparatus (col- 
umn size: ¢5 x90 mm) for 12 enzymes as follows: 
asparate aminotransferase (AAT); aldolase 
(ALD); alkaline phosphatase (APH); a-glycero- 
phosphate dehydrogenase (a-GPDH); glucose-6- 
phosphate dehydrogenase (G6PD); hexokinase 
(HK); lactate dehydrogenase (LDH); malate de- 
hydrogenase (MDH); malic enzyme (ME); no- 
thing dehydrogenase (NDH); phosphoglucomu- 
tase (PGM); and xanthine dehydrogenase (XDH). 
The buffer systems of running and stacking gel 
used were 0.38 M Tris-HCl (pH 8.9) and 0.03 M 
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Fic. 1. A locality map of Hotaria parvula and H. tsushi- 
mana used in this study. Open and solid circles 
indicate collecting localities of the large- and small- 
types H. parvula respectively. 


Phosphate-Tris buffer (pH 6.9) respectively. An 
electrode buffer was 0.38 M Glycine-Tris (pH 8.3). 
A constant current of 20 mA/gel for slab gel or 2.5 
mA/column for disc gel was applied until the 
tracking dye (bromo phenol blue) migrated 5 cm. 
After electrophoresis, gels were stained for the 13 
enzymes listed above. Staining mixtures for AAT, 
ME and SOD were prepared according to Marcus 
[7], Ayala et al. [1] and Beauchamp and Fridovich 
[2] respectively, and the staining mixture for the 
other enzymes was prepared according to Shaw 
and Prasad [14]. 


RESULTS 


Figure 2 shows electrophoretic patterns of the 13 
enzymes observed in ten populations of the two 
types of H. parvula and one population of H. 
tsushimana. Lanes L, S and T show zymograms in 
the large type and small type of H. parvula and H. 
tsushimana respectively. Table 1 shows allele fre- 
quencies of the 11 populations examined. Alleles 
are lettered beginning with a, in ascending order of 
zymogram mobility. In Figure 2, four enzymes 
(ALD, NDH, PGM and XDH) showed single- 
banded activity. G6PD, MDH, ME and HK 


Differentiation in Hotaria parvula 699 


XDH 


ALD NDH PGM 
LYS tS iL Sou 
+ 
MDH 
Sa 
MDH-1C 
MDH-2C 
AAT 
L Ss T Es 


Fic. 2. 


Electrophoretic patterns of 13 enzymes of Hotaria parvula and H. tsushimana. Lanes L, S and T show 


zymograms in the large type and small type of H. parvula and H. tsushimana respectively. 


showed several bands, and the gene loci shown in 
Figure 2 were presumed on the basis of their 
electrophoretic patterns. APH and HK-1 showed 
single- and double-banded phenotypes, and this 
variation was interpreted as a diallelic system 
cording for a monomeric protein at a single locus. 
In the Kuma population, no HK-1 zone was 
observed. At the HK-2 zone, electrophoretic 
mobility of H. parvula in the Kamiyu population 
was greater than that of other populations, and the 
alleles b and a were fixed in the Kamiyu and other 
populations respectively. e-GPDH and AAT 
showed single- and triple-banded phenotypes. 
These phenotypes were interpreted as polymorph- 
ism cording a dimeric protein at a single locus. 
LDH also exhibited single- and triple-banded phe- 
notypes. Electrophoretic mobility of the single 
band in the Aomori population was greater than 
that of other populations, and the alleles c and b 
were fixed in the Aomori and other populations 
respectively. LDH activity in the Okazaki and 
Ohiradai populations was not detected. SOD 
showed two phenotypes. One showed five bands, 
which appeared in all populations. The other, 
appearing in the Nagoya, Okazaki and Toyonaka 
populations, also showed five bands, and a set of 


the bands shifted more slowly in mobility. The two 
phenotypes were interpreted as a manifestation of 
two different alleles at a single locus. As a result, 
the 17 gene loci coding for the 13 enzymes were 
presented. 

In order to estimate genetic differentiation 
among populations, the Nei’s genetic identity (I) 
and genetic distance (D) [8] were calculated using 
the GENDIST computer program of the PHYLIP 
Version 3.4 [4] from the gene frequencies data 
described on Table 1. The D value means the 
average number of codon differences per locus 
estimated from allele frequency data between 
populations. Table 2 shows I and D values among 
all pairs of the populations. The D values within 
the small-type populations ranged from 0.003 to 
0.072 with a mean was 0.032, and those within the 
large type-populations ranged from 0.044 to 0.242 
with a mean was 0.126. The average value of 
genetic distances between the two types of H. 
parvula was 0.108. 

Figure 3 shows a biochemical dendrogram of the 
11 populations constructed from D values by UP- 
GMA (unweighted pair-group method with arith- 
metic mean) using the NEIGHBOR computer 
program of the PHYLIP Version 3.4 [4]. Solid and 
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TaBLE 1. Allele frequencies at 17 loci coding for 13 enzymes of the two types of Hotaria parvula and 
H. tsushimana populations 
large-type parvula small-type parula tsushimana 
Locus Allele 

D) 3 4 5) 6 7 8 9 10 11 
ALD a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
APH a 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 
b 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.83 
G6PD-1 a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 
b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
G6PD-2 a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 
b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
MDH-1 a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
MDH-2 a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
HE-1 a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
HE-2 a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
NDH a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
PGM a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 
b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
XDH a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
AAT a 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.03 0.10 
b 1.00 0.12 0.90 1.00 1.00 0.09 0.00 0.00 0.00 0.33 0.00 
c 0.00 0.75 0.10 0.00 0.00 0.54 1.00 1.00 0.88 0.64 0.90 
d 0.00 0.13 0.00 0.00 0.00 0.37 0.00 0.00 0.00 0.00 0.00 
a-GPDH a 1.00 1.00 0.00 0.18 0.50 0.00 0.18 0.20 0.00 1.00 0.00 
b 0.00 0.00 1.00 0.82 0.50 1.00 0.82 0.80 1.00 0.00 1.00 
HK-1 a 1.00 1.00 1.00 1.00 0.58 0.81 1.00 60.70 — _ 0.60 1.00 
b 0.00 0.00 0.00 0.00 0.42 0.19 0.00 0.30 0.40 0.00 
HK-2 a 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
b 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
LDH a 0.00 0.00 0.00 0.00 — 0.00 0.00 — _ 0.00 0.00 0.03 
b 0.00 1.00 1.00 1.00 — 1.00 1.00 — _ 1.00 1.00 0.97 
c 1.00 0.00 0.00 0.00 0.00 0.00 — 0.00 0.00 0.00 
SOD a 0.00 0.00 0.00 0.87 0.83 1.00 0.00 0.00 0.00 0.00 0.00 
b 1.00 1.00 1.00 0.13 0.17 0.00 1.00 1.00 1.00 1.00 1.00 

N 8 8 10 10 11 6 8 16 8 15 14 


N indicates the number of individuals assayed. Population numbers correspond as follows: 
1: Aomori; 2: Tsukuba; 3: Kamiyu, 4: Nagoya; 5: Okazaki; 6: Toyonaka; 7: Yugawara; 8: Ohiradai; 9: 


Kuma; 10: Kokura; 11: Tsushima. 


open circles of branch ends in the dendrogram 
indicate the small- and large-type populations of 
H. parvula respectively. As shown in the dendro- 
gram, H. parvula was divided genetically into two 
groups corresponding to the small and large types. 
The only exception was that theTsukuba popula- 
tion was included in the small-type group, though 
its morphological characters represented the large 
type. In the large-type group, Nagoya, Okazaki 
and Toyonaka populations were the first to group, 
after which the Kamiyu and Aomori populations 


joined to them, in that order. H. tsushimana was 
apparently differentiated from H. parvula, and the 
average value of genetic distances between them 
was 0.305. 


DISCUSSION 


The average genetic distance within the small- 
type populations was 0.032. This was a reasonable 
value for a local population level when compared 
with similar studies previously reported [5, 9]. 
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TABLE 2. Genetic identity (above diagonal) and genetic distance (below diagonal) among ten 
populations of Hotria parvula and one population of H. tsushimana 


large-type parvula small-type parvula tsushimana 

Population 

1 2) 3 4 5 6 7 8 9 10 11 
1. Aomori — 0.900 0.822 0.854 0.928 0.779 0.841 0.889 0.817 0.904 0.647 
2. Tsukuba 0.105 — 0.848 0.872 0.882 0.872 0.956 0.949 0.934 0.988 0.754 
3. Kamiyu 0.196 0.163 — 0.891 0.861 0.846 0.890 0.875 0.891 0.850 0.714 
4. Nagoya 0.156 0.136 0.114 — _ 0.981 0.956 0.894 0.879 0.892 0.875 0.713 
5. Okazaki 0.074 0.125 0.149 0.018 — _ 0.935 0.871 0.880 0.934 0.908 0.666 
6. Toyonaka 0.249 0.136 0.166 0.044 0.066 — 0.924 0.919 0.927 0.866 0.741 
7. Yugawara 0.172 0.044 0.116 0.111 0.137 0.078 — 0.994 0.997 0.942 0.814 
8. Ohiradai 0.117 0.051 0.133 0.128 0.127 0.084 0.005 — 0.996 0.949 0.794 
9. Kuma 0.201 0.068 0.115 0.113 0.067 0.075 0.003 0.003 — 0.930 0.806 
10. Kokura 0.100 0.012 0.162 0.132 0.096 0.143 0.059 0.052 0.072 — 0.736 
11. Tsushima 0.435 0.281 0.336 0.338 0.406 0.298 0.204 0.230 0.215 0.305 — 


Yugawara respectively. 
Kuma The average genetic distance between the two 
Ohiradai types of H. parvula was 0.108, which was a compa- 
Kokura rable value in a local population or on a subspecies 
Tsukuba level [5, 9]. At AAT locus, the allele frequency 
differed in the two types. Allele b was dominant in 
Rens all the large-type populations except Tsukuba and 
at. Toyonaka, while allele c was dominant in the 
aaa small-type populations. But this locus was insuf- 
ooo ficient to distinguish the two types. In the 17 loci 
omori 


assayed, no diagnostic alleles to identify the two 
types were detected. In spite of only slight genetic 
differentiation evident between the two types, they 
are distinguishable by other criteria. Body size of 
the two types is apparently different (10 and 5 mm 
in male) [10, 11], and this corresponds to a differ- 
ence in flash interval of the mate-seeking male. 
These intervals are 1 and 0.5 sec in the large and 
small types respectively [11, 12]. Furthermore, the 
two types are distributed allopatrically. The large 
type is distributed in almost all areas of Japan 
except the Hokkaido and Okinawa Islands, while 
the small type occurs in some parts of Kyushu, 


H. tsushimana 


0.15 0.10 0.05 0 
Genetic Distance 

Fic. 3. A biochemical dendrogram of ten populations 
of Hotaria parvula and one population of H. tsushi- 
mana constructed from Nei’s genetic distance by 
UPGMA. Open and solid circles of branch ends 
indicate the large- and small-type populations of H. 
parvula respectively. 


Within the large-type populations, the average 
genetic distance was 0.126. The large-type popula- 
tions were genetically more differentiated from 
one another than were the small ones. Namely, 
Aomori, Kamiyu and Toyonaka populations have 
specific alleles fixed at LDH,HK-1 and SOD loci 


Shikoku and in the western area of Honshu Islands 
[12]. At Mt. Hakone (Kamiyu and Ohiradai 
populations), the large type occupies higher alti- 
tudes, and the small type lower altitudes, and the 
boundary between them was at an altitude of 700 
to 900 m [10, 11]. Thus, their allopatry is appar- 
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ent. Allozymic results also indicated that gene 
flow between the two contacted populations at Mt. 
Hakone was restricted because alleles b and a at 
the HK-2 locus were fixed in the Kamiyu and 
Ohiradai populations respectively. Moreover, 
Ohba and Goto have reported with regard to an 
artificial cross-mating experiment involving the 
two types that they copulated reciprocally, but that 
they separated only in a minute [13]. In our 
observations, continuation time of copulation was 
more than one hour in Hotaria. This strongly 
suggests that the two types are reproductively 
isolated. 

Generally, reproductive isolation is the criterion 
used to assign biological species. Two newly-born 
species are expected to have reproductive isolation 
and occur allopatrically like this. Based on the 
morphological, ecological, genetic and cross- 
mating results described above, we consider the 
degree of differentiation between the two types of 
Hotaria parvula to correspond to two different 
species, despite the short genetic distance. 

Of the 17 loci studied, three diagnositc loci 
(G6PD-1, G6PD-2 and PGM) were specific to 
distinguish H. tsushimana from H. parvula. The 
average value of genetic distance between one 
population of H. tsushimana and ten populations 
of H. parvula (including the two types) was 0.305. 
As shown in the dendrogram, the degree of genetic 
differentiation between H. tsushimana and H. 
parvula was much higher than that within either 
the large-type or small-type populations of H. 
parvula. The two species are also distinguishable 
on the basis of color pattern. The pronotum of H. 
parvula is red with a black speckle, while that of H. 
tsushimna is yellowish orange without speckle. On 
the other hand, male body size (8 mm) and flash 
interval of the mate-seeking male (1 sec) in H. 
tsushimana [11] are more similar to those of the 
large type of H. parvula than to the small ones, 
and the dendrogram shows that H. tsushimana is 
genetically originated. Thus, these results lead to 
the speculation that ancestral forms of Hotaria are 
similar to tsushimana and the large type of parvula. 

A dendrogram constructed from genetic dis- 
tances contains information important not only to 
phylogenetic relationships but also to the specia- 
tion process. Furthermore, the D value is corre- 


lated to the divergence time from a common 
ancestor [9]. According to Nei’s equation [9], the 
dendrogram showed that Hotaria diverged into 
two lineages (tsushimana and parvula) about 1.5 
million years ago. Thereafter, parvula lineage 
diverged into large and small types about 0.5 
million years ago. Consequently, the dendrogram 
suggests that the small type of H. parvula speciated 
from an ancestor similar to the large type of H. 
parvula. 
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ABSTRACT — Visualization of the gross morphology of 
eight giant interneurons (GIs) was accomplished in 3rd 
instar crickets with intracellularly injected Lucifer Yel- 
low. The Gls ascend their axons from the terminal 
abdominal ganglion to the deutocerebrum of brain in two 
recognizable groups, dorsal and ventral GIs. Compari- 
sons of axonal arbors of the Gls showed group-specific 
branching pattern in the thoracic ganglia. In adults 
tethered without leg contact with the substratum, in- 
tracellular injection of depolarizing current into single 
dorsal Gls initiated flying behavior. When the legs were 
in contact with the substratum, the same current injec- 
tion initiated walking behavior. Either depolarizing or 
hyperpolarizing current injected into any one of ventral 
Gls had no effect on behavior. 


INTRODUCTION 


Wind-sensitive giant interneurons (GIs), whose 
somata and major dendritic processes are in the 
terminal abdominal ganglion (TAG) and large 
axons ascend from the TAG through the ventral 
nerve cord, have been reported in several insect 
species [2, 3, 4, 8, 13]. In the cricket, seven GIs 
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(7-1, MGI, LGI, 9-2, 9-3, 10-2, and 10-3) have 
been identified by the morphological and physio- 
logical characteristics [8]. They have long been 
thought to play a role in directing wind-elicited 
behavior such as running escape. Their axons were 
believed to extend through the nerve cord into 
thoracic ganglia and possibly into head ganglia. 
Due to their long size (about 25mm length in 
adults), nobody has succeeded in staining entire 
structure of the GIs. Furthermore, because of the 
difficulty to access them by an intracellular mi- 
croelectrode during behavior, their behavioral 
function has remained unsolved. 

In this paper, we describe gross morphology of 
each GI stained individually by intracellular injec- 
tion of Lucifer Yellow, revealed in 3rd instar 
crickets (about 5mm length). Furthermore, we 
show that the behavioral function revealed by 
intracellular stimulation of single GIs in tethered 
adult crickets, correlated well with the morpho- 
logical distinction between dorsal and ventral GIs. 


MATERIALS AND METHODS 


Adult and 3rd instar crickets (Gryllus bimacula- 
tus) bred in our laboratory were used throughout 


the experiments. The animals were raised on a 12- 
12 hr light-dark cycle at the constant temperature 
Chee 

In 3rd instar crickets, single Gls were stained 
intracellularly by iontophoretic injection of Lucifer 
For the detailed description of the 
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intracellular recording and injection techniques 
see Baba et al [1]. Briefly, a glass microelectrode 
filled with 5% (W/V) Lucifer Yellow was intro- 
duced into the TAG exposed by removing the 
cuticle covering the dorsal portion of the abdomen 
and excising the viscera. When a GI was impaled, 
wind puffs were delivered to the cerci from various 
angles in the horizontal plane to aid in identifying 
the GI [8, 9]. After these physiological tests, 
Lucifer Yellow was injected into the GI by 
delivering a hyperpolarizing current of 2-5 nA for 
2-5 min. Then, the animal was bathed in the 
saline for cricket [1] and maintained at 4°C for 6- 
12 hr to allow Lucifer Yellow to spread over the 
GI. Next, the nerve cord with the whole ganglia 
were isolated carefully, fixed in 4% formaldehyde 
in a phosphate buffer (pH=4.3) for more than 30 
min, dehydrated in alcohol and cleared in methyl- 
salcylate. The stained GI was photographed in 
wholemount under a fluorescence microscope and 
then drawn immediately using a camera lucida. 
Some of the preparations were embedded in 
paraffin and sectioned at 10m in order to 
establish the location of the GI axon in the nerve 
cord. 

To introduce the stimulating glass microelec- 
trode into the TAG, the distal halves of the fore- 
and hindwings were cut off. The animal was 
suspended in space with the pronotum glued to a 
supporting rod. Behavioral responses to the 
intracellular stimulation of single Gls in detail, 
they were recorded on video tape (30 frames/sec) 
from both sides, using two mirrors positioned 
around the animal. In some cases, responses of 
motoneurons to intracellular stimulation of single 
Gls were recorded extracellularly from the nerve 
roots of thoracic and abdominal ganglia with a pair 
of tungsten bipolar hook electrodes. Action 
potentials of a GI elicited by the intracellular 
stimulation were recorded from the nerve cord 
between the 4th abdominal ganglion and TAG by 
another pair of electrodes. 


RESULTS AND DISCUSSION 


Whole structure of each GI was visualized by 
intracellular staining with Lucifer Yellow, by using 
3rd instar crickets. On the basis of the morphology 
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and response property of adult Gls, the well- 
known seven GIs and another GI (9-1b; [6]) were 
consistently recognizable structures in the nymphs. 
As shown in Figure 1, axons of these eight Gls 
ascend through the nerve cord from the TAG to 
the dorsal region of the deutocerebrum of brain, 
sending out axonal branches in each of the 
abdominal, thoracic and head ganglia on the way. 
Transverse sections across the nerve cord or 
ganglia showed that GIs 9-2, 9-3, 10-2, and 10-3 
run through the dorsal intermedial tract and Gls 
7-1, MGI, LGI, and 9-1b run through the ventral 
intermediate tract (Fig. 2A). Hereafter, the for- 
mer should be referred to as the dorsal GIs (dGIs) 
and the latter as the ventral GIs (vGIs). 
Comparisons of axonal branch projections re- 
vealed that these two groups are morphologically 
distinct to each other. That is, the dGIs project 
axonal branches extensively both medially and 
laterally in the thoracic ganglia, whereas the vGIs 
have medial branches only, though GI 7-1 has two 
exceptional lateral branches in the metathoracic 
ganglion. Compared with the length limited 
staining in adults, close similarity of the axonal 
branches between the nymphal and adult GIs was 
confirmed. Distinctive difference in axonal 
branches between the dGIs and vGIs suggest a 
difference in motor role. 

Functional connection between a single GI and 
motoneurons was examined by intracellular stim- 
ulation in adults. Activities of four nerve roots, 
the 5th nerve root of the mesothoracic ganglion 
(T2RS5) innervating the midleg muscles, the 3rd 
nerve root of the metathoracic ganglion (T3R3) 
innervating the flight muscles, the 1st nerve root of 
the 3rd abdominal ganglion (A3R1) innervating 
the abdominal transverse muscles, and the 7th 
nerve root of the TAG (A5R7) innervating the 
cercal muscles, were recorded extracellularly. In- 
jection of depolarizing current (2-4nA, 50-700 
ms ) into dGIs, 10-2, 9-2, and 9-3 evoked spike 
discharges of in all the nerve roots on both sides 
(Fig. 2B). The current injection into dGI 10-3 
evoked spike discharges in T2R5 and T3R3 of both 
sides, but not in A3R1 and A5R7 of either side. So 
far examined, the current injection into the vGIs 
neither elicited spike discharges nor changed 
motor activity, regardless the intensity and polarity 
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of current. 

In tethered adults with the legs in contact with 
the substratum, injection of depolarizing current 
(2-4 nA) into any one of dGlIs initiated walking 
behavior (Fig. 2Ca). The legs moved forward and 
backward with the tripod gait pattern, after a 
twitching of all legs. The current induced walking 
was accompanied up- and down-movements of the 
head and antennae (Fig.2Ca). The stepping 
frequency of the induced walking was 7-8 steps/ 
sec. This type of walking behavior is identical with 
the escape running in response to wind puffs on the 
cerci [5]. When the animals were suspended 
without leg contact, the injection of depolarizing 


current into the dGI initiated flying behavior, wing 
beating with legs and antennae in the flight posture 
(Fig. 2Cb). Minimum duration of current injection 
for initiating the walking behavior was 30 msec for 
Gls 9-2 and 9-3, and 50 msec for GIs 10-2 and 
10-3. Minimum duration for initiating the flying 
behavior was 20 msec for GIs 9-2 and 9-3 and 30 
msec for GIs 10-2 and 10-3. Walking and flying 
behaviors were initiated within 30 msec from the 
commencement of current injection, and lasted for 
2-4 sec. In contrast to the dGIs, current injection 
into any vGI initiated no behavior at all, regardless 
the intensity, polarity, duration. It also had no 
significant effect on on-going walking or flying 
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(A) Semischematic illustration of dGIs and vGIs in the cross-section of metathoracic ganglion. 


In each 


hemiganglion, four large axons (a: 10-3, b: 9-3, c: 10-2, d: 9-2) ascend through the dorsal intermedial tract, and 
other four large axons (e: 7-1, f: MGI, g: LGI, h: 9-1b) ascend through the ventral intermedial tract. (B) 
Responses of motoneurons to the intracellular stimulation of dGI 9-3. In each set of records, the top is the 
extracellular recording from nerve root (a: Sth root of mesothoracic ganglion, b: 3rd root of metathoracic 
ganglion, c: lst root of 3rd abdominal ganglion, d: 7th root of TAG) on the side of stimulated axon. The 2nd 
record is the extracellular recording from the contralateral nerve root. The 3rd record is the extracellular 
recording from abdominal nerve cord. The 4th record is the monitor of current injection. (C) Behavioral 
responses to the current injection into GI 9-3 (drawn from played back still pictures). a) In the animal quiescent 
on the substratum, the injection of depolarizing current (2 nA, 80 msec in duration) into GI 9-3 initiated the 
walking. b) In the same animal suspended in air, the same current injection initiated the flying. The number on 


the left side indicated the time in seconds after the onset of current injection. 


behavior of the animal. 

As described above, the dGIs differ clearly from 
the vGIs in morphology and functional role. The 
intracellular stimulation of any given dGI itself is 
sufficient to initiate walking or flying behavior, the 
behavioral pattern depending upon the legs in 
contact with or without substrate. Thus, it is 
suggested that each dGI constitutes a motor 
command system, and the group dGIs comprise a 
behavioral command system for walking and flying 
behaviors. In the cockroach, the dorsal and 
ventral groups of GIs are known as command 
systems for flight and running escape, respectively, 
though whole structure of these GIs remains 
unknown [10-12]. Both groups are reported to 
have excitatory and inhibitory influences on flight 
through the modulatory functions of the feedback 


loops between the GIs and the central flight 
rhythm generator in the thoracic ganglia [6]. 

The basic structural organization of the wind- 
sensitive giant interneuron system seems to be 
common to the cricket and the cockroach, but 
functional organization for the initiation of be- 
havior may probably differ in the two species. 


This work was supported in part by a Grant-in- 
Aid from Ministry of Education, Science and 
Culture of Japan to T.Y. for scientific research. 
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ABSTRACT—The recent finding that [1-Me-His?] TRH 
is present in the carp brain prompted us to ascertain 
whether methylated TRH also exists in the frog brain. 
Samples were prepared from whole brain tissues of 
prometamorphic and climax tadpoles, and juvenile and 
adult frogs by acid extraction. Each sample was sub- 
jected to reverse-phase high-performance liquid chroma- 
togrphy. The eluates were assayed for TRH using two 
kinds of antibodies against TRH, one showing 100% 
cross-reactivity with both methylated TRHs and the 
other showing 3% and 43% cross-reactivities with 
[1-Me-His*]JTRH and [3-Me-His?]TRH, respectively. 
Both the distribution and amount of immunoreactive 
TRH in the eluates of each sample did not vary between 
the assays using the two different antibodies. In both 
cases, a single peak with a similar immunoreactivity 
appeared at a position similar to that of synthetic TRH. 
Thus, it is concluded that brains of larval and adult 
bullfrog contain no appreciable amount of methylated 
TRH. 


INTRODUCTION 


In amphibians, thyrotropin-releasing hormone 
(TRH, pGlu-His-Pro-NH2) is known to have 
potent prolactin (PRL)-releasing activity [1, 2, 6, 
9], as in mammals [12] and is regarded as the major 
PRL-releasing factor present in the bullfrog 


Accepted June 14, 1993 
Received April 30, 1993 
? To whom all correspondence should be addressed. 


hypothalamus [7, 10]. Recently, the presence of 
[1-Me-His”]TRH has been reported in the brain of 
cyprinoid fish [3, 5]. In amphibians, [1-Me- 
His?JTRH has no PRL-releasing activity [8]. 
Another [3-Me-His”]TRH is known to have bio- 
logical activity ten-fold higher than that of TRH in 
mammals [13]. Potent PRL-releasing activity of 
[3-Me-His”]TRH has also been confirmed in the 
bullfrog (Rana catesbeiana) [8]. These findings 
prompted us to determine whether methylated 
tripeptides exist in bullfrog brain. 


MATERIALS AND METHODS 


Peptides 

TRH and [3-Me-His?]TRH were purchased 
from Sigma and Bachem Inc., respectively. [1-Me- 
His*]TRH was synthesized in the laboratory of one 
of the authors (T.Y.) [5]. 


TRH-antisera 


Two kinds of TRH-antisera (AS1 and AS2) 
produced in rabbits by immunizing with TRH 
complexed to bovine serum albumin [4, 11] were 
used. AS1 showed 100% cross-reactivity with both 
methylated TRHs. AS2 showed 3% and 43% 


cross-reactivity with [1-Me-His*]TRH and [3-Me- 
His?]TRH, respectively. 
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Acid extract of brain tissue 


Whole brain tissue without the hypophysis from 
220 prometamorphic tadpoles, 137 climax tad- 
poles, 36 juvenile frogs and 23 adult frogs captured 
in September were dissected out, immudiately 
frozen on dry ice and stored at —80°C until use. 
They were homogenized separately in cold 0.1 N 
HCI at 3,000 rmp for 30 min and centrifuged at 


22,000 g for 60min. The precipitate was re- 
homogenized in the same solution and centrifuged. 
The resulting supernatants were combined, neu- 
tralized with NaOH, centrifuged at 22,000 X g for 
60 min and lyophilized. 


Reverse-phase high-performance liquid chroma- 
tography (RP-HPLC) 


Each lyophilized brain extract was dissolved in 
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Reverse-phase HPLC of acid extract of adult frog brain (A) and of fraction II obtained from adult brain 
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Milli-O water, and subjected to HPLC (LC-800; 
JASCO) on a reverse-phase column (TSK-gel 
ODS-120T; TOSOH) at a flow rate of 1 ml/min. 
Gradient elution was carried out for 35 min with 
0-100% acetonitrile containing 0.1% trifluoroace- 
tic acid (Fig. 1A). The elute was monitored by 
measuring the absorbance at 220nm. The frac- 
tions were pooled as three separate fractions and 
lyophilized. These fractions were assayed for TRH 
using AS1. A fraction containing immunoreacitve 
TRH was further subjected to HPLC an a TSK-gel 
ODS-120T column equilibrated with 20 mM phos- 
phate buffer (pH 6.5) (solution A) at a flow rate of 
1 ml/min. Gradient elution was carried out for 30 
min with solution A containing 10-100% solution 
B (20% acetonitrile in Milli-Q water) (Fig. 1B). A 
mixture of standard TRH, [1-Me-His*]TRH and 
[3-Me-His*]TRH or TRH and [1-Me-His*]TRH 
was also subjected to HPLC. The eluate was 
monitored by measuring the absorbance at 220 
nm, and each 1-ml fraction was collected. 


Radioimmunoassay 


Each fraction was assayed for TRH using AS1 
and AS2, according to the method of Winokur and 
Utiger [14]. 


RESULTS AND DISCUSSION 


At present, no specific antisera for detecting 
[1-Me-His*]TRH and [3-Me-His*]TRH are avail- 
able. In the present experiment we employed 
radioimmunoassay using two kinds of anti-TRH 
sera showing different cross-reactivity with [1-Me- 
His*]TRH and [3-Me-His*]TRH in addition to 
reverse-phase HPLC. When the mixture of syn- 
thetic TRH, [1-Me-His*]TRH and [3-Me-His”] TRH 
was subjected to HPLC, the amount of immunoas- 
sayable TRH in each 1-ml fraction differed accord- 
ing to the antiserum used (Fig. 2A). When the 
ratio of [1-Me-His*]TRH to TRH was reduced 
from 1:4 to 1:8, the amounts of radioimmunoas- 
sayable TRH detectable with AS1 and with AS2 
scarcely differed (data not shown). 

The fraction containing immunoassayable TRH 
(Fraction II) was separated from larval and adult 
brain tissue by the first step of HPLC (Fig. 1A). 
The amounts of brain tissue which yielded 100 ng 


10 


TRH (ng) 


Time (min) 


Fic. 2. The amount of immunoreactive TRH in 100 pl 
of each 1-ml fraction obtained by RP-HPLC. A: 
Mixture of 100 ng each of synthetic TRH, [1-Me- 
His*]TRH and [3-Me-His”]TRH. B: Extract of the 
tadpole brain at prometamorphosis (stages 12-19). 
C: Extract of the tadpole brain at the climax stage 
(stages 20-24). D: Extract of the juvenile frog 
brain. E: Extract of the adult frog brain. O: RIA 
with AS1. @: RIA with AS2. 


of immunoassayable TRH in prometamorphic and 
climax tadpoles and juvenile and adult frogs were 
45.3, 40.0, 15.3 and 10.3 mg (wet weight), respec- 
tively. Each fraction containing 100ng of im- 
munoassayable TRH was subjected to the final 
HPLC (Fig. 1B). Immunoassayable TRH eluted 
at the theoretical positions for TRH and [1-Me- 
His?]TRH did not differ according to the anti- 
serum used (Fig. 2B-E), indicating that neither 
larval nor adult brain contains an appreciable 
amount of [1-Me-His*]TRH. No immunoreactivity 
was found at the theoretical position for [3-Me- 
His*]TRH. It is concluded that in the bullfrog 
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brain no measurable amount of methylated TRH 
exists, although the possibility that methylated 
TRH appears at a specific developmental stage or 
in a specific season cannot be excluded. 
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General conclusions 


ABSTRACT—Passing from an aquatic environment to a terrestrial one has been analyzed in 
developing amphibians. The emergence occurs at metamorphosis in many species, while appear 
dramatic changes of the organizational plan. Metamorphosed animals acquire another type of 
locomotion and respiration. Striking transformations take place in the digestive tract and result in 
modifications of the feeding behaviour. Water conservation problem is solved by appearance of a new 
hydromineral equilibrium, which is associated to another type of nitrogen excretion. Nevertheless, 
such events do not completely free juveniles and adults from an aquatic environment. Other 
amphibians acquire a direct development which puts an end to the aquatic larval stage. This more 
radical departure from water exists in several oviparous species and also in various other species in 
which the offspring-parental relationship is more or less pronounced. 


aquatic environment to a terrestrial one is always a 
major problem. This ecological transition is parti- 
Water is the source of life, and passing from an_—_cularly obvious in developing amphibians. The 
present article analyzes the departure from an 
Received March 29, 1993 aquatic environment during metamorphosis. The 
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associated changes have been studied not only at 
the anatomo-morphological level, but also at the 
physiological and biochemical level [4, 21, 23, 33, 
42, 56, 89, 90, 96]. 

A more radical departure will also be discussed 
for certain amphibians in which the aquatic larval 
stage disappears. The endocrine determinism 
presiding this ecological transition will be analyzed 
in another article (in press). 


I A SERIES OF METAMORPHIC CHANGES 
ACCOMPANIES THE DEPARTURE FROM 
AN AQUATIC ENVIRONMENT 
IN AMPHIBIANS 


A ACQUIRING ANOTHER TYPE OF- 
LOCOMOTION 


1 The tail, swimming organ in premetamorphic 
aquatic larvae 


The tail of amphibian larvae is made up of a 
fleshy axis with a membranous dorso-ventral fin. 
The rythmic undulations of the tail give it an 
essentially propuisive function. Swimming can be 
very rapid when the tail is well developed with 
powerful muscles as in Astylosternus and Lepto- 
dactylodon. Caudal undulations are controlled by 
the activity of two giant neurons (Mauthner 
neurons), in which the axons follow the same path 
as the spinal cord [69]. Such neurons enhance the 
immediate flight reflex after a mechanical or sound 
stimulation (impact against the side of the 
aquarium). The nerve impulse is then transmitted 
to the Mauthner neurons by the stato-acoustic 
nerves. 

The degree of water-oxygenation conditions lar- 
val endurance. Tadpoles in a well oxygenated 
environment receive enough chemical energy fur- 
nished by the ATP from respiratory catabolism 
and consequently tire very little. The chemical 
energy in poorly oxygenated water is lower since it 
comes from anaerobic catabolism (lactin fermenta- 
tion), and the animals become incapable of fur- 
nishing a highly endoenergetic sustained pro- 
pulsion effort [86]. 


2 Regression of the tail during anuran metamorph- 
osis 

The degeneration of the tail and its complete 
regression characterizes the climax stage (paroxy- 
smal stage) of metamorphosis. To the naked eye, 
the first signs of degeneration consist in a thinning 
of the fin and a darkening of the end of the tail due 
to an accumulation of melanophores. All the tail 
tissues are altered [29, 88]. The spinal cord, 
notochord and epidermis are autolyzed: the cell 
constituents are segregated in the lysosomes (auto- 
phagic vacuoles) where they are digested by hydro- 
lases (cathepsins). The muscle fibers retract and 
become individualized, thus deforming the tail. 
The myofibrils break down and the actin and 
myosin myofilaments become disorganized (Fig. 
1). These processes result in the appearance of 


Fic. 1. Electron micrograph of a longitudinal section of 
a caudal striated muscle fiber from an Alytes obstetri- 
cans tadpole. A, Premetamorphosis. B, Climax. 
The Z bands (Z) are disrupted during climax 
(arrows) and produce a fragmentation of the myofib- 
rills (mf). gl, glycogen. Unpublished micrography 
by Pouyet. 
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bundles of fragmented myofibrils enclosed in 
round bodies. Enzymes such as actinase and 
myosinase could be responsible for these altera- 
tions [12, 49, 97]. 

The existence of phagocytic processes was de- 
monstrated in the first studies concerning caudal 
regression. The caudal fibroblasts undergo a meta- 
bolic reorientation and become capable of absorb- 
ing and totally digesting the cell fragments thanks 
to the lysosomal hydrolases contained in their 
digestive vacuoles [30, 48, 91]. The fibroblasts also 
secrete hyaluronidase, which they use to partially 
liquify the connective tissue, thereby coming closer 
to the alteration sites. 


3 Locomotion in metamorphosed anurans 


a Adaptations to jumping. This is due to the 
spectacular growth of the hindlimbs. External 
buds until metamorphosis, the limbs rapidly length- 
en at the onset of the phenomenon, preliminary to 
acquiring a jumping type of locomotion in terrest- 
rial habitat. This adaptation benefits from a distor- 
tion of the pelvic girdle which places the cotyloid 
cavity, articulated with the femoral head, in a very 
posterior position. A stocky body with a relatively 
short spinal column also makes jumping easier. 
The forelimbs are used when landing on the 
ground. They develop in the gill cavities and 
emerge during climax. When the animals return to 
a pond to reproduce or to escape from a predator, 
the springing action of the hindlimbs combined 
with palmed toes results in a strong swimming 
capacity. 


b  Skelettal ossification. During metamorpho- 
sis, skelettal remodeling is associated with a 
significant ossification which implies a modification 
of the calcium metabolism and phosphate and 
calcium carbonate deposits in the skeleton. 

Skeletal calcium comes from the tadpoles two 
endolymphatic sacs and the chalky sacs. Each 
endolymphatic sac comes from the endolymphatic 
canal which develops at the internal ear level. 
These sacs slip between the skull and the brain into 
the spinal cord canal during metamorphosis. The 
endolymphatic and chalky sacs contain minute 
calcium concretions (aragonite). These deposits 
are largely resorbed during metamorphosis and the 


calcium thus mobilized contributes to skeletal 
ossification [65]. 

The skeletal ossification of the tadpole is en- 
hanced by the thyroid hormones, as observed 
during induced metamorphosis [47]. Calcium 
metabolism is also controlled by the ultimobran- 
chial bodies [15, 68]. These bodies favor calcium 
storage in the endolymphatic and chalky sacs of 
the tadpole, a prerequisite for proper ossification 
during metamorphosis. 


c Effect of nervous system maturation on 
locomotion in a terrestrial environment. The new 
locomotor behaviour acquired by metamorphosed 
anurans is supported by a mature cerebellum. The 
development of the dendrites and axons of the 
granular and Purkinje cells in this organ and the 
granular cells migration results in a large number 
of synapses [39, 82]. This conditions the appear- 
ance of coordinated jumping movements. Further- 
more, the cerebellum controls the muscular 
tonicity which counterbalances the effect of gravity 
in a terrestrial environment. 

Dendrite endings curled around muscle fibers 
(neuro-muscular spindles) have been identified in 
the hindlimbs of Rana pipiens during metamorpho- 
sis [10]. Such endings are sensitive to the degree of 
fiber contraction and make it easier to control the 
jump. 


4 The case of urodeles 


The urodeles tail does not undergo spectacular 
morphological modifications during metamorpho- 
sis, since only the fin regresses. The limbs lengthen 
moderately. The juveniles locomotion on land, 
however, is limited to simple reptation movements 
by the limbs transversal disposition. 


B RESPIRATORY CHANGES 


Amphibian larvae and adults have a wide range 
of respiratory exchangers, which allow a very 
progressive transition without acute respiratory 
failure during metamorphosis and the passage to a 
terrestrial environment [3, 42]. 


1 Respiratory system in larvae 


Arborescent gills are present during the larval 
stage. Each gill consists of a stem from which rise 
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gill filaments. These filaments are covered with a capillary network, furnishes a second major re- 
simple, flat epithelium which is practically next to spiratory exchanger. Moreover, many amphibian 
the blood vessels. The skin, with its very dense larvae have lungs, which probably have an early 


Fic. 2. Metamorphic Discoglossus pictus tadpole: ultrastructural features of the degenerating gills (level of the 
stem). Some epitheliocytes (1) undergo a diffuse autolysis and their mitochondria are dilated (m). Other 
epitheliocytes (2) contain autophagic vacuoles (AV), residual bodies (RB) and lipid droplets (1). These cells 
might be extruded (3) in the connective tissue (CT). Phagocytic cells (4) are also seen. They contain 
heterophagic vacuoles (HC) and residual bodies (RB). The capillaries (CA) have a shrunken lumen. On the left, 
a melanophore (ME) can be recognized by its very dark pigment granules (arrows). RB, red blood cell; m, 
mitochondrion; n, nuclear remnant. From Hourdry [41]. 
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but very accessory function? [9]. 

When the water is poor in oxygen (hypoxic 
conditions), the larvae hyperventilate with their 
lungs by frequently swallowing air at the surface 
[24, 94]. After each intake, the flow of water in the 
gills decreases temporarily. This is due to a 
stimulation of the mechanoreceptors sensitive to 
oxygen pressure in the lung wall and the chemo- 
receptors sensitive to oxygen concentration in the 
blood. When hypoxic conditions persist, the re- 
spiratory exchanges of the larvae undergo exten- 
sive alterations [8]: the blood vessels multiply and 
become more superficial; the number of gill fila- 
ments increases. These observations underline the 
highly plastic morphology of these exchangers. 


2 Changes in the respiratory system during meta- 
morphosis 

The gills regress during metamorphosis (Fig. 2) 
[41]. The epithelium undergoes a diffuse autolysis. 
Its constituents can also be digested inside the 
lysosomes (autophagic vacuoles). The altered cells 
are usually absorbed by mesenchymal cells with 
phagocytic properties, and are digested inside 
large lysosomes (heterophagic vacuoles). Gill cir- 
culation finally ceases while the gill filaments with- 
er and become pigmented before disappearing. 

In most amphibians, septation of the pulmonary 
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cavity follows metamorphosis and continues to 
progress until the adult stage, thus increasing the 
lungs internal surface at least fivefold. 

Oxygen absorption in metamorphosing anurans 
takes place essentially through the skin. As soon 
as the juvenile stage, however, the septated pul- 
monary epithelium increases its contribution while 
the skin thickens and partially loses its oxygen 
absorbing capacity. Nevertheless, the skin remains 
the primary carbon dioxide excreting organ during 
and after metamorphosis. 

Gill degeneration is associated with extensive 
changes in the circulatory system. The afferent 
and efferent gill arteries regress. Aortic arches 
differentiate and irrigate the head (carotide arch), 
the trunk and limbs (systemic arch merging and 
forming the dorsal aorta), the lungs and skin 
(pulmo-cutaneous trunk). 


3 Changes in oxygen transfers: appearance of new 
hemoglobins and new red cells 


The larval hemoglobins (Hb. 1) in most anurans 
are different from those that replace them in adults 
(Hb. ad). In various frogs (Rana esculenta, Rana 
catesbeiana), this substitution accelerates during 
metamorphosis and continues several weeks after. 
In the tree-frog (Hyla arborea), leopard-frog 
(Rana pipiens) and common toad (Bufo bufo), the 
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Fic. 3. Shift from larval hemoglobins (dotted lines) to adult hemoglobins (continuous lines) in anurans. M, 
metamorphosis; w, week; y, year. From Hourdry and Beaumont [42]. 


(1) They are absent in bufonidae larvae. 
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substitution takes place after metamorphosis. (Fig. 
3). In urodeles, it can occur slightly before 
(Pleurodeles waltl, Triturus cristatus) or during 
(Ambystoma tigrinum) metamorphosis. 

The change in hemoglobins has been demon- 
strated by various analytical techniques. Elec- 
trophoresis, for example, produces different bands 
in anurans [46, 60, 66] as well as in urodeles [27]. 
The differences found between Hb. 1 and Hb. ad 
are only located on one globin and never affect the 
prosthetic group (tetraheme). The absence of 
common polypeptide chains has been irrefutably 
proven by the presence of different amino acid 
sequences in the different hemoglobin families. 

During hemoglobin substitution, the iron from 
the Hb.1 accumulates as ferritin in the Kupffer 
cells of the liver. The metal will eventually be 
carried by the plasma transferrins and incorpo- 
rated into the new hemoglobins at their site of 
synthesis (essentially bone marrow) [7, 63, 80, 83]. 

Hb.1 and Hb. ad have different affinities for 
oxygen [78]. The Hb. 1 in premetamorphic anur- 
ans have a high oxygen affinity. This is compatible 
with an aquatic environment where the concentra- 
tion of dissolved oxygen is particularly low. Hb. 
ad have a lower oxygen affinity. Hb. ad produc- 
tion is associated with the presence of new and 
more numerous red cells, developed in different 


sites (liver, bone marrow, efc.), and which replace 
those of the larva [92, 93]. 


C CHANGES IN THE DIGESTIVE TRACT. 
EFFECT ON THE FEEDING BEHAVIOUR 


During metamorphic climax, the digestive tract 
is modified, especially in anurans. Such changes 
are associated with modications in the feeding 
behaviour. 


1 Changes in the digestive tract of anurans 


The size of the buccal cavity increases consider- 
ably following the lengthening of the jaws. The 
horny tadpoles “teeth” disappear while true teeth 
develop. 

In larvae, the pharyngeal gill clefts are covered 
by a rough epithelium with ridges that form gill 
filters. These filters strain the water which irrigates 
the gills and retain the food particles in suspension. 
During metamorphosis, the pharynx undergoes a 
substantial reduction. It no longer plays a part in 
respiration since the gills and gill clefts regress. 
The gill filters also degenerate. 

During the climax, a dilated stomach is formed. 
Its epithelium evaginates into the chorion and 
becomes tubular gastric glands which lengthen and 
ramify (Fig. 4). The muscle layer thickens. These 
structural modifications are associated with func- 


A and B, Onset of 


climax. The epithelium evaginates into the chorion (ch) and becomes gastric glands (arrows). Asterisk, lumen; 
ms, muscle layer. C, End of climax. The gastric glands are completely differentiated (arrow): they each have a 
neck of mucous cells (mc) into which open tubules made up of granulated serous cells (cc or chief cells). A gastric 
mucous epithelium (ge) runs along the lumen (asterisk). From unpublished micrographies by Hourdry and 


Pouyet. 
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tional changes such as pepsin and hydrochloric 
acid production, by chief (or pepsinogen) cells [5, 
38, 43, 51, 58] and parietal (or oxyntic) cells [28], 
respectively. Two pepsinogens have been found in 
the gastric mucosa of the adult bullfrog [85, 95]. 
These pepsinogens are immunologically indisting- 
uishable from each other and are related to human 
pepsinogen C. Chitinases are also secreted by the 
stomach as soon as it differentiates [64]. 

The metamorphosing intestine undergoes parti- 
cularly spectacular changes. An overall shortening 
and rearrangement of its coils occurs concomitant- 
ly with the development of the stomach. The 
histological changes are largely confined to the 
epithelium [26, 40, 42, 44]. Degeneration occurs in 
the larval (or primary) epithelium, while the exten- 
sive proliferation of stem cells results in the de- 
velopment of the new, folded epithelium (secon- 
dary epithelium). 


2 Changes in the type of feeding during anuran 
development 


a Premetamorphic larvae. Most tadpoles are 
microphagous and feed on particles suspended in 
the water (bacteria, protozoa, unicellular algae...). 
Benthic tadpoles, such as those of Rana temporaria 


Fic. 5. 


or Bufo vulgaris are herbivorous or detritivorous. 
Their keratinized “teeth” tear apart the plant 
organs and scrape the crusts. This results in a 
suspension of particles which are then swallowed 
by the animal. The periodic variations of buccal 
cavity volume, due to the pulsating movements of 
its wall, create a water intake and result in the 
ingestion of food particles. 

The particles suspended in the water are usually 
gathered up by retention on the surface of the 
various buccopharyngeal structures (Fig. 5) [35]. 
Certain particles are retained by the buccal cavity 
papillae and by the dorsal and ventral velums. 
Such particles adhere to the mucous traps that 
have differentiated in the roof of the buccal cavity. 
In a few cases, traps can be observed on the 
underside of the dorsal velum. The other particles 
are retained by gill filters. After being swept up by 
water currents, they adhere to the mucous of traps 
located on the underside of the ventral velum 
(branchial food traps) [42, 87]. The gill filters and 
branchial food traps found on the ventral velum 
make up the tadpole’s filtering apparatus. The 
various mucous secretions are canalized in phar- 
yngeal grooves where they form cords which are 
conveyed by the ciliary movements toward the 


Parasagittal section of the buccal (bc), pharyngeal (ph) and branchial (br c) cavities in a premetamorphic 


anuran tadpole. Food particles suspended in the water (pa) are retained by the buccal cavity papillae (bp), dorsal 
(dv) and ventral (vv) velums, and gill filters (gf). They then adhere to the mucous of traps that have differentiated 
in the roof of the buccal cavity (A), and on the underside of the dorsal velum (B) and ventral velum (C: branchial 
food traps). The water flux is shown by the arrows. g, gill; m, mouth; n, nostril; s, spiraculum; 1-4, gill clefts. 


From Gradwell [36]. 
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oesophagus. 

In short, many anuran species have tadpoles 
which are highly specialized suspension users. 
Particle retention on the gill filters allows effortless 
feeding which is compatible with accelerated 
growth, when trophic conditions are favorable. It 
is noteworthy that many anuran species lay their 
eggs after heavy rains which leach the soil and 
provoke an influx of mineral salts into the ponds, 
thus stimulating the plankton production on which 
tadpoles feed. 

Cellulose is probably not used by the larvae: the 
thin muscle layer has a weak peristaltism which is 
not very efficient for breaking down plant cell 
walls. Furthermore, the larvae do not have cellu- 
lase. Amylase from the pharyngeal grooves and 
most of all, exocrine portion of the pancreas, has 
been observed [55]. This suggests a preferential 
digestion of the starch found in the food particles. 
Three intestinal brush border glucidases are also 
implicated in the hydrolysis of dietary glucides 
(glucoamylase, maltase, trehalase). 

Dietary glucides are the source of lipids and 
hepatic glycogen, whose quantities increase during 
premetamorphosis and which are the main energy 
storage sources for the tadpole. 


b Metamorphic and post-metamorphic anim- 
als. Anuran tadpoles usually stop feeding at 
climax. Indeed, the digestive tract is too altered to 
function. 

In post-metamorphic anurans, the mouth widens 
and stronger jaws with true teeth appear. An 
eventually prehensile tongue develops. These var- 
ious transformations are concurrent with a change 
in the diet, since the animals become carnivorous 
of insectivorous, and catch preys with their pre- 
hensile tongue. At the same time, the eyes‘) 
migrate toward the plan of symmetry. Such a 
migration allows binocular and stereoscopic vision, 
keen sight and an efficient perception of the preys 


(1) During metamorphosis, the optical properties of 
the eye are modified [75, 76]. The tadpole eye is a 
“fish eye”: its spherical lens provides nearly all the 
ocular convergence. The eye of the metamorph- 
osed anuran has a lenticular lens, and its converg- 
ence is mainly due to the cornea, whose refractive 
index (n=1, 38) is higher than that of air (n=1). 


in a terrestrial environment. Simultaneously, new 
neuronal connections appear between the retina 
and the optic tectum [32, 37]. In premetamorphic 
tadpoles, the tectal electric registrations are solely 
contralateral. On the other hand, these registra- 
tions may be both contralateral and ipsilateral in 
metamorphosed animals, due to the development 
of a system or intertectal connections. Each point 
of the binocular visual space corresponds then to 
two tectal points through each eye. 

The propulsion of solid food is enhanced by the 
appearance of stronger peristaltic movements due 
to a thicker muscle layer. 

The secretion of proteinases in the pancreas 
(trypsin) [73] and the stomach (pepsin) prepares 
the animals for a carnivorous diet. Stomacal 
chitinases also prepare the metamorphosed anim- 
als for an insectivorous diet. Furthermore, the 
new intestinal mucosa is well equipped for the 
absorption of protein hydrolysis residues: an active 
y-glutamyl transferase acts as a membrane- 
localized transporter of amino acids and possibly 
dipeptides [31, 59]. Moreover, this enzyme 
hydrolyses the y-glutamic acid-peptide bonds 
found in physiologically important peptides, such 
as glutathione and folic acid. 

In short, a new feeding behaviour is prepared 
during anuran metamorphosis by important 
changes in the digestive tract, while the animals 
pass from an aquatic to a terrestrial environment. 


3. The case of urodeles 


The metamorphic changes in the urodelean 
digestive tract are very xestricted [42], although 
many larvae leave the ponds and migrate toward a 
terrestrial environment. The diet is slightly mod- 
ified, since the animals are still carnivorous pre- 
dators. 


D TRANSITION TO A NEW HYDRO- 
MINERAL EQUILIBRIUM 


Amphibiians are confronted with a major water 
conservation problem in their transition to a ter- 
restrial environment. This problem is solved by a 
series of adaptations which appear during meta- 
morphosis. 
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1 Changes in the serum proteins 


a Qualitative changes. These are extensive in 
metamorphosing anurans [11, 67, 81]. The num- 
ber of molecular species increases at climax and 
the band characterizing albumin on an elec- 
trophoregram becomes particularly distinct (Fig. 
6). These changes are usually more attenuated in 
urodeles. 


ge , = ba 


Fic. 6. 
metamorphosing larvae of Rana temporaria (from 
left to right). The albumin band (al) has a distinctly 
higher anodal mobility and becomes thicker and 


Electrophoretic patterns of serum proteins in 


thicker. From Chen [11]. 
i 

b Variations in the concentration of serum pro- 
teins. This concentration at least doubles in meta- 
morphosing anurans; in Rana catesbeiana for ex- 
ample, it goes from 1.2 g/100 ml to 3 g/100 ml. 
The increase in serumalbumin is particularly spec- 
tacular in this species, from 0.08 g/100 ml to 0.8 g/ 
100 ml, a tenfold increase [25, 54]. LEER have 
weaker variations. 

These increases imply a stimulation of liver 
proteosynthesis. In Rana catesbeiana, radioactive 
precursors have shown that the rate of serumalbu- 
min synthesis is multiplied by 6 at climax [54]. 
During metamorphosis, the higher serum protein 
concentrations increase the oncotic pressure (col- 
loid-osmotic pressure) of the plasma which is pro- 
portional to the number of protein molecules in 
solution. The influence of serumalbumin is note- 
worthy since its relatively low molecular weight 
results in the release of a larger number of mole- 
cules. The increase in oncotic pressure favors 


water retention in the plasma, thus avoiding de- 
hydration during the animals migration to a ter- 
restrial environment. 

Several ecologically-based arguments confirm 
that the adaptation of metamorphosed amphibians 
to a terrestrial environment is linked to an increase 
in the concentration of serum proteins, particularly 
serumalbumin: 

—In Rana and Salamandra, with terrestrial 
adults, the serum protein concentration increases 
more rapidly than in Xenopus or Pleurodeles which 
can remain perpetually aquatic. 

—In Bufo arenarum, the serum protein concen- 
tration increases faster if the metamorphosed 
animal migrates to a drier environment. 

—In several north-american ambystomatidae, a 
relationship has been established between the de- 
gree of humidity in which the metamorphosed 
animals live and the concentration in serum pro- 
teins [61]. In Ambystoma macrodactylum adults, 
which migrate to a dry environment, these proteins 
are relatively abundant and suggest an efficient 
Osmotic water retention in the plasma. In Rhyaco- 
triton olympicus adults which live in wet areas, 
proteinemia is lower, resulting in poorer water 
retention. 


2 Evolution of the hydromineral equilibrium during 
the transition to a terrestrial environment 


The appearance of new ionic fluxes results in 
more efficient water conservation when the anim- 
als migrate towards a terrestrial environment. 


a Hydromineral equilibrium of premetamor- 
phic larvae. The aquatic environment of larvae is 
very diluted compared to their body fluids where 
sodium (Na‘) and chloride (Cl) ions predomi- 
nate. The loss of these ions by diffusion and the 
invasion of water by osmosis, through the tegu- 
ment, are corrected by regulatory mechanisms 
which allow Na* and Cl” ions to enter and water 
to be eliminated (Fig. 7A). 

Studies carried out in Rana catesbeiana tadpoles 
have shown that the absorption of Na* ions occurs 
through the gill epithelium by an “active trans- 
port” mechanism, which requires a source of ener- 
gy in order for the ions to go against the concentra- 
tion gradient [20]. Na* ions create a higher 
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Changes in the hydric (thick arrows) and ionic (sodium: thin arrows; chloride: dotted arrows) fluxes during 


anuran metamorphosis. A, Premetamorphic tadpole. The effects of the osmotic gain of water and the loss of 
sodium and chloride ions by diffusion, through the tegument (1), are restricted by branchial ionic absorption (2) 
and the excretion of an important volume of diluted urine (3). B, Adult frog. In a terrestrial habitat, hydric water 
retention is favoured by a storage of sodium and chloride ions in the body fluids (1, oedema effect). During a stay 
in a pond, water absorption accompanies the enterance of sodium and chloride ions through the skin (2). Water 
and ions filtrate rapidly through the glomerulus of the nephrons (3), but are weakly reabsorbed through the wall 
of the nephric tubules (4). On the contrary, a significant reabsorption occurs through the wall of the urinary 
bladder (5). Consequently, the urine is slowly excreted (6). The cutaneous loss of water (7) and ions (8) is 
relatively important. b, urinary bladder; g, gill; k, kidney (pronephros or mesonephros); m, mesonephros; t, 


tegument. From Hourdry and Beaumont [42]. 


electric potential on the internal side of the gill 
epithelium than on the external side, thus allowing 
Cl” ions to passively accompany Na* ions by 
simple electrostatic attraction. The gill cells, 
where “active” Na ion transport takes place, are 
located at the base of the gills and are equivalent to 
“chloride cells” in fish. In amphibian larvae, water 
invasion is also restricted by the excretion of an 
important volume of diluted urine as in fresh water 
fish. 


b The appearance of new ionic fluxes during 
metamorphosis (Fig. 7B). Metamorphosed am- 
phibians which have left ponds can return to 
escape from a predator or to reproduce. Na‘ and 
Cl ions transport then takes place towards the 
body fluids through the epidermis [1, 6, 14, 79]. 


The amphibians permanent kidney (mesonephros) 
also recovers Na* and Cl” ions. Part of these ions 
in solution in the primitive urine crosses the 
nephron tube wall after being filtered in the 
glomerulus and returns to the body fluids. The 
urinary bladder, developed during metamorph- 
osis, represents a third Na*, Cl ion recovery 
organ [53]. 

The mechanisms of ion transfer have been de- 
fined in the epidermis [14] and in the urinary 
bladder epithelium [53]. The apical membrane of 
the epidermal cells becomes permeable to Na* 
ions after acquiring sodium “canals”. The “active 
transport” of these ions towards the body fluids 
occurs specifically through the basolateral mem- 
brane. This “sodium pump” cannot function in 
lavae because there are no sodium “canals” in 
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which the Na~ ions can pass. Analogous function- 
al stages can be found in the neoformed urinary 
bladder epithelium. Cl” ions cross the intercellu- 
lar spaces passively, in response to a difference in 
the trans-epithelial potential due to Na* ion move- 
ments. 

When these different fluxes are taken into 
account, the concentration of Na*, Cl~ ions in the 
body fluids of metamorphosed and terrestrial 
animals increases in spite of cutaneous losses. 


c Water conservation during the transition to a 
terrestrial environment. Water conservation in 
metamorphosed amphibians migrating to a terrest- 
rial environment is closely linked to the develop- 
ment of new ionic fluxes (Fig. 7B). 

The higher quantities of Na*, Cl” ions in the 
metamorphosed animals body fluids favor water 
conservation in the organism by osmotic retention 
(oedema effect). The osmotic pressure in the body 
fluids is lower in winter (300 mosm/1) than in 
summer (600 mosm/1), when it contributes to 


Fic. 8. Shift in the excretion pattern during frog metamorphosis. 


slowing down the dehydrating effects of a drier 
environment. 

Each time the animals return to a pond, water 
along with Na‘, Cl” ions penetrates by osmosis 
through the skin into the body fluids. 

Even though they were the first organisms to 
conquer a terrestrial environment, metamorpho- 
sed amphibians have retained a fish-type nephron 
in which a large glomerulus filters a considerable 
amount of water without much tubular reabsorp- 
tion. The inadequate adaptation of the kidney to 
water conservation is compensated by a significant 
reabsorption of water by the urinary bladder 
epithelium. Na*, Cl” ions are recovered during 
this reabsorption. Urine excretion is thus slower 
than in the larva, when taking into account its body 
weight. 

Water retention is also enhanced by several 
cutaneous modifications linked to metamorphosis, 
which make the tegument impermeable (super- 
ficial keratinisation) or improve its water retaining 
capacity (mucous film covering the skin, muco- 


@) 


A, Premetamorphic tadpole. The liver (1) 


preferentially releases ammonia which is mainly excreted as ammonium ions through the gills (1) and in a lesser 
quantity through the tegument (2) and kidneys (3). B, Metamorphosed animal. Urea is synthesized more 
actively by the liver (1), and then excreted with the urine (1) or through the tegument (2). Dotted arrows: 
ammonia/ammonium ions fluxes; continuous arrows: urea fluxes; b, urinary bladder; g, gill; k, kidney 
(pronephros or mesonephros); m, mesonephros; t, tegument. From Hourdry and Beaumont [42]. 
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polysaccharide-rich layer in the dermis). 


E TRANSITION TO ANOTHER TYPE OF 
NITROGEN EXCRETION 


Metamorphosed, terrestrial amphibians pre- 
serve their hydromineral equilibrium by excreting 
less urine and developing another type of nitrogen 
excretion. Most amphibian larvae are ammo- 
notelic, since the ammonia from protein catabol- 
ism is essentially excreted as ammonium ions 
(NH,*). Most of these ions are eliminated 
through the gills while the tegument and the 
kidneys eliminate the rest (Fig. 8A). In contrast, 
the juvenile and adult are ureotelic Excremental 
nitrogen is then preferentially evacuated as urea in 
solution with the urine or passed through the 
tegument (Fig. 8B). 

The change in the type of nitrogen excretion 
occurs during metamorphosis. It is associated with 
more active urea synthesis by the liver using 
ammonia and carbon dioxide, after a simultaneous 
and significant increase in the activity of the en- 
zymes controlling the ornithine-urea cycle (car- 
bamyl phosphate synthetase-I, ...) [2, 13]. 

The transition from ammonotelia to ureotelia in 
metamorphosed amphibians can be considered as 
an additional physiological adaptation to a terres- 
trial environment. Once water conservation 
mechanisms have been established, the excretion 
of a weakly toxic waste product such as urea is 
compatible with the excretion of lower quantities 
of urine in which this waste product can be concen- 
trated. 

After metamorphosis, certain terrestrial anurans 
(Phyllomedusa, Chiromantis) excrete low quanti- 
ties of urine, particularly rich in uric acid, another 
weakly toxic waste product [74]. 

In amphibians such as Xenopus, capable of 
remaining in an aquatic environment after meta- 
morphosis, the invasion of water is limited by the 
excretion of abundant urine, following low water 
recovery by the bladder. The NH,* ions are then 
almost the only urinary nitrogen waste product 
with a toxicity attenuated by dilution. A tendency 
toward ureotelia can nevertheless appear in adult 
Xenopus when their environment dries up. Urine 
excretion then becomes scarce), 


F SENSORY CHANGES 


Sensory organs such as the lateral system are 
modified during metamorphosis and departure 
from an aquatic environment [42]. The lateral 
system is a sensory apparatus which characterizes 
lower aquatic vertebrates. It is made up of a group 
of cutaneous receptors (neuromasts). This system 
could inform the animal of weak water pressure 
variations and changes in the water currents. It 
would thus allow the animals to perceive the 
movement of other organisms at a distance. 

In amphibians, the presence of a lateral system 
is linked to the degree of dependance on the 
aquatic environment. This system is found in all 
the larvae. In anurans, it disappears at meta- 
morphosis if the species migrates to a terrestrial 
environment (Rana, Bufo, ...). But it persists if 
the species remains aquatic (Xenopus) [72, 84]. In 
adults urodeles it does not always completely 
disappear. 


G DEPARTURE FROM WATER: AN ENER- 
GY EXPENDITURE FOR THE ORGANISM 


The metamorphic events and departure from 
water require an energy source (ATP). This 
energy source is due to the oxydation of substrates 
such as glucose, fatty acids and glycerol. The 
glucose comes from the hydrolysis of hepatic gly- 
cogen [S0, 77]. It is also produced by neogly- 
cogenesis from non-glucidic precursors found in 
the liver (aminoacids from tissue degeneration...) 
[62]. The fatty acids and glycerol come from the 
hydrolysis of the triglycerides stored in the liver 
and fatty organ [70]. 


(1) In the anura Scaphiopus couchi, accidental drain- 
age of their pond is accompanied by an accumula- 
tion of urea in the tadpoles body fluids and a 
transition from ammonotelia to ureotelia. This 
accumulation of urea leads to osmotic water reten- 
tion. It enables the tadpoles that have become 
terrestrial, to wait for a new pond to appear after 
rain [45]. 

(2) Certain metamorphosed anurans found in salt 
marshes in Thailand (Rana cancrivora) can with- 
stand osmotic pressures close to those of sea water. 
The accumulation of urea in their body fluids ex- 
plains the low water loss observed in these animals 
[34]. 
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II A MORE RADICAL DEPARTURE FROM 
WATER CAN ELIMINATE THE 
AQUATIC LARVAL STAGE 


Various amphibians acquire a direct develop- 
ment which puts an end to the free and aquatic 
larval stage and the need to return to ponds to 
reproduce [18, 19, 22, 52, 57]. The transition to a 
direct development has been studied in several 
Oviparous species and also in various other species 
in which the offspring-parental relationship is 
more or less pronounced. 


A ELIMINATION OF THE AQUATIC LAR- 
VAL STAGE IN ANURANS 


In certain tree frogs (Arthroleptis, Chiromantis) 
(Fig. 9), the eggs are laid in a substance secreted 
by the oviducts and beaten into a froth by the legs. 
This egg cluster hangs over water and when the 
eggs hatch, the tadpoles fall into the pond where 
they undergo metamorphosis. In other frogs (Fig. 
9), development in an aquatic environment totally 
disappears. The eggs are laid in a frothy nest 
(Leptodactylus fallax) or in fresh moss (Thoropa, 
Leiopelma) where the larvae hatch and develops. 


In a Leptodactylidae from the Antilles (Eleuthero- 
dactylus martinicensis) and in several toads (Necto- 
phryne), the eggs are laid on moist, vegetation 
covered ground and most of the ontogenesis be- 
comes intraovular. The eleutherodactyle embryo 
has a very vascularized tail fin which is placed 
against the egg wall and has a respiratory function. 

In various anurans, a closer parent-offspring 
relationship tends to eliminate the free and aquatic 
larval stage (Fig. 10). This stage is very brief, for 
example, in a chilian toad (Rhinoderma darwinii): 
the tadpoles that have just hatched in water are 
swallowed by the males into a vocal sac where they 
continue their development. After metamorpho- 
sis, the juveniles are thrown into the terrestrial 
environment by a contraction of the sac. In the 
south-american marsupial tree frog (Gastrotheca 
ovifera), the aquatic development stage complete- 
ly disappears. The eggs are incubated in the 
diverticulae of a dorsal skin pouch which develops 
in reproductive females, under the influence of 
progesterone secreted by the ovarian follicles after 
ovulation [16, 17]. Metamorphosis takes place in 
the skin pouch. 

In a guinean anuran, Nectophrynoides occiden- 


Rana esculenta pote : ae ines. i 
faa 
F H M 
Chiromantis | j 
Arthroleptis f= pA Meal | aire, t {nity aoe ICE 
F M 
Leptodactylus fallax Z I j. 
1 See ee hago logs ional eae |e a 
F H M 
Thoropa el I i 
Leiopelma Pare Cn Vo eee CURE] 
F H M 
Eleutherodactylus e. least 
martinicensis SS ae ey a a re Sel eae 
F HM 
€ J 


Nectophryne 


Fic.9. Transition toward direct development in oviparous anurans. The aquatic larval period is destined to 
disappear. e, embryo; F, fertilization; H, hatching; j, juvenile; 1, larva; M, metamorphosis; continuous line, 
terrestrial period; dotted line, aquatic period. From Hourdry and Beaumont [42]. 
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Fic. 10. Transition toward direct development in anurans having different degrees of offspring-parental rela- 
tionships. B, birth after incubation in a parental cavity (vocal sac, cutaneous pouch, oviduct); e, embryo; F, 
fertilization; H, hatching; j, juvenile; (swim.) 1, (swimming) larva; M, metamorphosis; continuous line, terrestrial 
period; dotted line, aquatic period. From Hourdry and Beaumont [42]. 
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talis, the absence of an aquatic stage is due to a 
particularly close relationship with the mother. 
Internal fertilization takes place when the cloacae 
join together. The eggs are incubated in the uterus 
and produce tadpoles which can ingest the 
mucoprotein-rich liquid secreted by the uterine 
wall. This gestation with maternal nutrition (vivi- 
parity), however, is not associated with the dif- 
ferentiation of an absorbant placenta. The tad- 
poles undergo metamorphosis in the genital tract 
and the female gives birth to adult-like juveniles. 


B URODELES (Fig. 11) 


American salamanders from the plethodontidae 
family have a long intra-ovular development and 
no aquatic stage. 

Several european salamanders are viviparous. 
In the black and yellow salamander (Salamandra 
salamandra), the eggs are incubated in the uterus. 
The larvae, hatched in the genital tract, are depos- 
ited in ponds which they leave after metamorpho- 


Development in some urodeles. Abbreviations as in Fig. 10. From Hourdry and Beaumont [42]. 


sis. During their intrauterine period the larvae 
excrete urea which concentrates in the female 
genital tract [71]. This waste product is not harm- 
ful for the larvae because of its low toxicity. In an 
aquatic environment, however, these larvae be- 
come ammonotelic. The black salamander (Sala- 
mandra atra) has no aquatic development stage. 
The larvae hatch and metamorphose into juveniles 
in the oviducts. After birth these juveniles remain 
in a terrestrial environment. 


C APODES 


Apodes (Gymnophiones or Coecilies) are trop- 
ical, serpent-like amphibians whose aquatic de- 
velopment stage can also disappear. In the ovipar- 
ous species Hypogeophis rostratus from the 
Seychelles Islands, a juvenile burrower hatches 
directly from the egg. In various south-american 
viviparous species (Siphonops), the juveniles 
emerge from the cloaca and also burrow into the 
ground. 
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D CONCLUSION 


Direct development without a free aquatic stage 
can be observed in several amphibian strains. The 
usual morphological characteristics become indis- 
tinct and the various stages “telescope” each other. 
Metamorphosis, which can nevertheless persist, 
affects the organs normally used in water but 
which function here in a terrestrial environment. 
The tail and the gills, for example, are used by the 
larvae for aerial breathing. 

The hydromineral equilibrium problem is solved 
by viviparity or by embryonic and larval develop- 
ment in various types of parental pouches. In the 
Oviparous species, embryo dessication is limited by 
the existence of a thick, impermeable layer of jelly 
around the eggs. 


GENERAL CONCLUSIONS 


In amphibians, the departure from water can be 
considered at two different levels. This emergence 
occurs at metamorphosis in many species. Never- 
theless, certain modifications linked to the phe- 
nomenon do not automatically imply such a transi- 
tion. Tail regression and limb and lung develop- 
ment, on the hand, and the transition from a 
microphagous to a carnivorous diet, on the other, 
are not incompatible with remaining in an aquatic 
environment. The metamorphosed Xenopa for 
example, swims by rapidly extending its hindlimbs, 
breathes at the water surface and hunts for food. 
Other “metamorphic” transformations pre-adapt 
amphibians better to a terrestrial environment. In 
Rana and Bufo adults, this transition is prepared 
by a more efficient hydromineral equilibrium. In 
contrast, inefficient water conservation could ex- 
plain the persistence of an aquatic existence in 
Xenopus, whose hydromineral equilibrium re- 
mains that of a fresh water fish. 

In fact, metamorphosis does not completely free 
the adult from an aquatic environment. It can 
return to avoid predators or to rehydrate its tegu- 
ment. It must also return to a pond to reproduce. 
External fertilization and embryo and larva de- 
velopment take place in the pond. In short, the 
emergence from water is a rather relative notion in 
certain amphibians. It seems as though their most 


favorable environment had not yet been decisively 
determined. 

In other amphibians, the departure from an 
aquatic environment is more radical. It follows a 
direct development which takes place mostly in the 
egg, in various types of parental pouches or in the 
female genital tract. A definate departure from 
water occurs only in amniote vertebrates. The 
development of the embryos in an amniotic cavity 
containing liquid prevents them from dyring out. 
This type of ontogenesis enabled the amniotes to 
free themselves entirely from an aquatic environ- 
ment. 
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ABSTRACT—The Mechanisms responsible for pigment pattern formation in amphibians and other 
vertebrates are little understood, although it is known that a fundamental process is the migration of 
uncommitted chromatoblasts from the neural crest to the integument. Here, in response to 
appropriate cues present in the integumental milieu, the various pigment patterns such as dorsal/ 
ventral, spots, stripes, etc., are expressed. Because of its importance in color change, melanocyte 
stimulating hormone (MSH) has been suggested to play a role in pigment pattern formation, but 
current knowledge suggests that it functions only as an enhancer or modifier of already determined 
patterns through the recruitment of latent melanoblasts or the stimulation of melanophore prolifera- 
tion. Similarly, the profound changes in pigment pattern at metamorphosis result from the permissive 
action of thyroxine that allows for the expression of already pre-determined pigmentation patterns. 
Sex steroids may also play a role in pigmentation pattern changes during sexual maturation. At 
present, the most promising candidates as causal agents in the determination of pigmentation patterns 
are some large protein molecules present in the skin where they exert their effects in situ. These 
include a melanization inhibiting factor (MIF). prevalent in the ventral skin and presumably 
responsible for the pale ventrum of frogs and a melanization stimulating factor (MSF), most prevalent 
in dark dorsal skin and especially in dark spots of the dorsum. A possible interaction between MIF 
and MSF and an interplay of these factors with hormones such as MSH and thyroxine may very much 
influence the expression of pigmentation patterns. 


© 1993 Zoological Society of Japan 


INTRODUCTION 


Amphibians have long been the target of studies 
on pigmentation and since the beginning of the 
century investigations have largely centered on 
endocrine control of color change and the develop- 
ment of pigmentation patterns [5, 10]. Knowledge 
gained from such studies has been extended to 
other vertebrates and amphibians have continued 
to provide a model system in continuing investiga- 
tions. Great progress has been made in the 
understanding of the physiology of color change, 
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but by comparison, the elucidation of mechanisms 
responsible for the development of pigmentation 
patterns has lagged behind. Fortunately, new 
knowledge in this area has emerged from more 
recent studies on amphibians and it offers the 
promise of explaining the developmental origins of 
vertebrate pigmentation in general. It is the aim of 
this presentation to summarize our current under- 
standing of the mechanisms that provide the basis 
for pigment pattern formation in amphibians. 

Of fundamental importance is the fact that the 
seemingly different pigment cell types typical of 
amphibians, although different in form, function 
and composition, are in reality very much closely 
related to one another [13]. A key to this rela- 
tionship resides in their common neural crest ori- 
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gin [14]. Thus, the epidermal melanocyte(-phore), 
with its elongate bipolar form and the large and 
broad dermal chromatophores, including mela- 
nophores, iridophores and xanthophores are all 
derived from the neural crest and their constituent 
pigment-containing organelles originate from a 
primordial vesicle derived from the rough endo- 
plasmic reticulum. According to current thinking, 
the various pro-pigment cells or chromatoblasts, 
which ultimately migrate over the entire surface of 
the tailbud embryo to provide the pigment cells of 
the adult integument and other peripheral tissues, 
are largely undetermined when they commence 
their migration, but during the migratory process, 
or at some point after they reach their ultimate 
destination, their developmental fate is deter- 
mined (for a more complete discussion, see [8, 9]). 
The present discussion is aimed toward under- 
standing what factors impinge upon chromato- 
blasts causing them to differentiate in one direction 
or another as pigment patterns develop. While 
there is some evidence that extracellular matrix 
molecules play a role in chromatophore dif- 
ferentiation of salamander chromatoblasts during 
the migratory phase [20], two other major foci are 
primarily addressed herein. One focus is a_hor- 
monal one featuring the action of melanocyte 
stimulating hormone (MSH) and thyroxine, under 
whose aegis profound changes in pigment cell 
expression and pattern formation occur at meta- 
morphic climax. Another is in situ protein factors 
of the integument that seem to be particularly 
important in the expression of pigmentation pat- 
terns. The action of hormones in this regard is an 
older theme broadly covered in previous reviews 
[9, 10], while intrinsic pigmentary factors of the 
integument is a newer concept that is just emerging 
[15]. The later concept owes its origins to the work 
of Fukuzawa and Ide [26] who discovered the 
presence of a melanization inhibitory factor (MIF) 
whose restricted presence in the ventral surface of 
Xenopus was taken to provide the basis for the 
dorsal/ventral pigmentation of that species. 


CELLULAR BASIS FOR PIGMENTATION 
PATTERNS 


Amphibians and other cold-blooded vertebrates 


are rich in their variety of pigmentary patterns that 
include spots, stripes and mottlings of various 
colors. These circumscribed patterns are achieved 
by an appropriate distribution of the various chro- 
matophore types, in particular, the dermal chro- 
matophores. It is beyond the purpose of this paper 
to review the nature of amphibian pigment cells, 
for such has been documented in detail [5]. Never- 
theless, it should be pointed out that the fun- 
damental pigment cells of amphibians are the 
dermal chromatophores that include mela- 
nophores, xanthophores (erythrophores), and iri- 
dophores. Often these chromatophores are active 
in bringing about color change due to the intra- 
cellular migration of their respective pigmentary 
organelles in response to various stimuli, usually 
hormonal (physiological color change). 
Melanophores are the most well known of the 
dermal chromatophores and these broad and den- 
dritic pigment cells contain 
organelles called melanosomes. Melanosomes dis- 
perse to the periphery of the dendrites in response 
to MSH and thus, melanophores are of key im- 
portance during integumental darkening. Mela- 
nophores are also found in the epidermis in specific 
localities during larval and/or adult life. These 
epidermal pigment cells are like the epidermal 
melanocytes of all other vertebrates and are of 
special importance to birds and mammals wherein 
they serve as agents of morphological color change 
through the deposition of cytocrine packets of 
melanosomes into keratinocytes, hair, or feathers. 
While epidermal melanocytes respond to MSH by 
dispersing melanosomes, they are of relatively 
little importance in physiological change because 
of their thin spindle shaped form which can cover 
only a minimal surface area. Generally, there is a 
negative correlation between the distribution of 
dermal chromatophores and epidermal melano- 
cytes such that in areas of the skin having well 
formed dermal chromatophore units, epidermal 
melanocytes are fewer in number and vice versa 
[12]. This makes sense since the presence of static 
deposits of epidermal melanin would obscure color 
changes brought about by organellar movements 
within dermal chromatophores beneath. 
Iridophores are primarily involved in the pro- 
duction of structural colors due to the highly 
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organized deposition of crystalline pigments in 
organelles termed reflecting platelets. Like mela- 
nophores, they are very active in physiological 
color change and are also regulated by MSH [2]. 
Since they most often reflect all wavelengths of 
light, they appear whitish under surface illumina- 
tion and thus, in the absence of MSH, they contnri- 
bute to the whiteness of the dorsal surface. 
However, when animals darken under MSH sti- 
mulation, iridophores aggregate their reflecting 
platelets and the color of the animal (frog) is 
dominated by melanophores whose pigment-filled 
dendrites cover a large surface area. Iridophores, 
relatively insensitive to MSH, dominate the ven- 
tral surface of most frogs and other amphibians. 
Xanthophores are yellowish pigment cells that 
can approach orange or red (erythrophores) and 
often work together with underlying iridophores to 
provide yellow, orange or red areas. While these 
chromatophores are also active in physiological 
color change [4], this role is less clearly visible on a 
cellular basis. A pronounced function of xanth- 
ophores is in the production of green coloration 
wherein yellow xanthophores work together with 
deeper lying iridophores (which produce blue col- 
or through light scatter) and melanophores to 
provide a dermal chromatophore unit [12]. 


HORMONES AND THE DEVELOPMENT 
OF PIGMENTATION 


The Role of MSH 


The possibility that MSH may play a major role 
in the developmental biology of pigment cells has 
long been an attractive one. First evidence in this 
regard stemmed from the observation that Xeno- 
pus larvae, hypophysectomized as embryos, pos- 
sess many fewer melanophores than do their intact 
siblings [1]. Moreover, such larvae possess iri- 
dophores in areas of the integument where only 
melanophores normally occur. It was concluded 
that MSH had a trophic influence that led to the 
differentiation of melanophores and at the same 
time, inhibited the differentiation of latent iri- 
dophores (iridoblasts). Similarly, Hadley and 
Quevedo [29] had demonstrated that adult Xeno- 
pus kept on dark backgrounds for 10 weeks posses- 


sed many more integumental melanophores than 
did toads kept on white backgrounds for the same 
period. Moreover, when returned to a white 
background, the darkened individuals began to 
lose some of the supernumerary melanophores. 
Presumably, the respective presence or absence of 
circulating MSH was responsible for these effects 
on melanophore number. While it seemed implicit 
from both of these studies that the increase in 
melanophore number resulted from the recruit- 
ment of latent melanoblasts present in the skin, the 
possible role of MSH on melanophore prolifera- 
tion could not be excluded. Indeed, in some 
elegant experiments, it was shown conclusively by 
Pehlemann [38] that inordinantly high levels of 
circulating MSH in Xenopus larvae leads to pro- 
found proliferation of existing melanophores and 
subsequent darkening of the integument. Despite 
the unequivocal demonstration that MSH induces 
melanophore proliferation, the question of its 
possible role in stimulating the differentiation of 
latent melanoblasts still remained unanswered. 
This, too, was resolved by some experiments (Bag- 
nara, unpublished) wherein it was found that fol- 
lowing the homoplastic implantation of a pars 
intermedia in the normally unpigmented lower jaw 
of Xenopus larvae, dermal melanophores were 
expressed in a concentric radiating pattern from 
the implant (Fig. 1). Obviously, MSH diffusing in 
an uncontrolled manner from the pars intermedia 
induced melanization of latent neural crest cells 
that were present in the skin of the lower jaw. 
Thus, it seems clear that MSH can exert trophic 
effects, based upon both proliferation and cellular 
differentiation, in larvae and adults. 

The results described so far, are for the most 
part from experiments wherein profound levels of 
MSH secretion were altered by appropriate surgi- 
cal procedures and the question arises of whether 
these are extreme situations that may not occur in 
nature. Actually, there is good evidence that 
natural fluctuations in circulating MSH levels can 
have a profound effect on the development of 
pigment cells and the expression of pigmentation 
pattern. One such study is that of Fernandez and 
Collins [22] who showed that the environmental 
background during ontogeny can profoundly in- 
fluence the expression of the color pattern of 
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Fic. 1. Lower jaw region of a larva of Xenopus laevis 
that had been implanted subcutaneously with the 
pars intermedia of a froglet. A spherical blood clot 
marks the site of the transplant which releases MSH 
chronically. Note that the nearby dermis is popu- 
lated with melanophores distributed over the graft. 
No melanophores were observed in the dermis of 
the jaw before the transplantation. 


Arizona tiger salamanders (Ambystoma tigrinum 
nebulosum) at metamorphosis (Fig. 2). In turbid 
ponds, larvae are exposed to a high albedo and 
such larvae are very lightly colored presumably 
due to diminished circulating levels of MSH. In 
contrast, genetically related populations in clear 
ponds reside in low albedo environments that stem 
from the absorption of light by the dark pond 
bottom. Such larvae are darkly colored presum- 
ably due to the elevated levels of MSH that are 
present during larval development. That these 
color differences actually resulted from appropri- 
ate variations in MSH levels was supported by the 
fact that animals from clear ponds had many fully 
expanded melanophores while those from the high 
albedo turbid ponds possessed four times as much 
integumental guanine, the primary constituent of 
iridophore reflecting platelets, than the low albedo 
dark colored larvae [21]. 

An even more striking example of the effects of 
MSH on the morphological expression of pig- 
mentation pattern is manifested in the leopard 
frog, Rana chiricahuensis (Fig. 3). Unlike other 
sibling species of leopard frogs (Fig. 4) which have 
a markedly pale ventrum in contrast to a much 
darker dorsum, R. chiricahuensis has the capacity 
to express a heavily melanized ventral surface [6]. 


The comparative ontogeny of ventral pigmentation 
in the more melanistic species, R. chiricahuensis 
and the pale species, R. pipiens has been studied 
[24]. It was found that while the ventral skin of 
larvae of both species is phenotypically similar in 
that only iridophores are present (Fig. 5A, E), 
marked differences exist in newly metamorphosed 
frogs (Fig. 5B, F) in that melanophores are already 
present, along with iridophores, in R. chiricahuen- 
sis, but none ever develop in R. pipiens whose 
ventral surface is populated exclusively by iri- 
dophores. The number of ventral melanophores 
has increased by the adult stage of R. chiricahuen- 
sis and these are capable of physiological color 
change on dark and light backgrounds (Fig. 5C, D, 
G, H). The question of why R. chiricahuensis 
exhibits ventral melanization wherein this closely 
related sibling species [31] does not, can not be 
fully answered at this time, but there is good 
reason to conclude that the explanation involves 
MSH action. It has been shown that R. chirica- 
hunensis has the capacity to secrete extraordinary 
amounts of MSH (Fig. 6), such that upon black 
background adaptation, plasma MSH levels can be 
eight times greater than those of R. pipiens [23]. 
Similarly, low temperatures (5°C) induce the same 
high plasma MSH levels in R. chiricahuensis, but 
not in R. pipiens. Therefore, it would seem that R. 
chiricahuensis, a species that thrives in elevations 
as high as 9,000 fit, is chronically exposed to lower 
temperatures and thus would be expected to pos- 
sess relatively high plasma levels of MSH through- 
out most of the year. Accordingly, it seems likely 
that the presence of ventral melanization might be 
due to the recruitment of latent melanoblasts by 
MSH, just as was suggested for Xenopus adults 
under long term black background adaptation. It 
would be possible to speculate about other ex- 
planations for the ventral melanization of R. 
chiricahuensis ; however, it seems most probable 
that this darkening results from chronically ele- 
vated levels of MSH. 

The examples presented so far about possible 
stimulatory effects of MSH on melanophore dif- 
ferentiation, pertain to relatively late stages in 
development while, in fact, chromatoblasts have 
long since completed their migrations by this time 
and embryonic and larval pigmentation patterns 
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Light Source 


Reflecting Substrate | Absorbing Substrate 
High Albedo Low Albedo 


Light Source Light Source 


High Albedo Low Albedo 
Environment Environment 


Fic. 2. Perception of light by Arizona tiger salamanders differs between white and black substrates. Light is 
reflected from a white substrate and provides a high albedo whereas a black substrate absorbs light and the albedo 
is low. Larvae in a turbid pond (lower left) experience a high albedo because of light reflected from suspended 
particles while those in a clear pond are subjected to a low albedo because light is absorbed by plants and the 
dark-colored pond bottom. (From [22]). 
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huensis adapted to dark backgrounds (left 


Fic. 3. Dorsal (upper) and ventral (lower) views of adult R. chirica 
nd darkening of the dark background 


individuals) or white backgrounds (right individuals). Note the profou 
adapted individuals and especially of the ventral surface. 
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Fic. 4. Dorsal (upper) and ventral (lower) views of adult R. pipiens adapted to dark backgrounds (left individuals) or 
white backgrounds (right individuals). Note the darkening of the dorsal surface of the dark background adapted 
individuals and the lack of darkening of the ventral surface of the dark background, adapted individuals. 
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Fic. 5. Whole mounts of R. pipiens (A-D) and R. chiricahuensis (E-H) ventral skin photographed with reflected light 
optics. Skin samples are from tadpoles (A, E), newly metamorphosed frogs (BF), adult frogs from a black 
background (C, G) and adult frogs from a white background (D, H). Bar=100 um. (From [24]). 
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Fic. 6. Plasma a-MSH of R. pipiens and R. chiricahuen- 
sis on white, gray, and black backgrounds. Each bar 
represents the mean (+SE) of 3-4 frogs. Plasma 
a-MSH of frogs on a black background is greater 
than those on white or gray (P<0.05). Note the 
particularly profound increase of plasma e-MSH of 
R. chiricahuensis. (Modified from [23]). 


are already expressed [35]. Nevertheless, the 
possibility that MSH affects early melanophore 
development has been attractive and the subject of 
several investigations. It has been known from 
many years that embryonic salamander melano- 
blasts are sensitive to MSH [37], but it was not until 
the experiments of the Wayne State University 
group that the role of MSH on melanophore 
development was addressed directly [45, 46]. They 
found that the exposure of whole Xenopus and 
Pleurodeles embryos to MSH or cyclic AMP dur- 
ing the first few days of embryonic development 
slightly accelerated melanophore differentiation, 
but that within two or three days, the number of 
differentiated melanophores on control or treated 
embryos was the same. They concluded that MSH 
does not play a role in the normal development of 
embryonic melanophores. 

At this point, we are left with the conclusion that 
the effects of MSH on chromatophore develop- 


ment are limited to larval, post-metamorphic and 
adult stages. Since the transition from larval to 
adult pigmentation at metamorphosis is so pro- 
nounced and is characterized by the expression of 
the adult pigment pattern of the dorsum, the 
question arises of a possible MSH role in this 
process. For example, does MSH play a role in the 
development of the spot pattern of adult leopard 
frogs? An important clue to the answer of this 
question has been available for a long time, but has 
not been appreciated. In particular, we refer to 
the result of some endocrine experiments wherein 
tadpoles of several anuran species were manipu- 
lated such that they were deprived of a pars 
intermedia, and thus a source of endogenous 
MSH, but retained enough pars distalis to induce 
metamorphosis [18, 19]. Such metamorphosing 
individuals displayed evidence of a dorsal pig- 
mentation pattern, albeit pale, even in the absence 
of circulating MSH. A more striking example of 
this phenomenon resulted from the experiments of 
Hanaoka [30] who deprived R. pipiens tadpoles of 
a hypothalamus by removing the hypothalamic 
primordium from the open neural plate stage [16]. 
The silvery tadpoles that resulted lacked both a 
hypothalamus and a pars intermedia, but posses- 
sed enough of a pars distalis to initiate metamor- 
phosis. These individuals, which remained in pre- 
metamorphic stasis, expressed clear spot patterns 
typical of the adult. A similar tadpole is shown in 
Figure 7 wherein a silvery tadpole, naturally dep- 
rived of a pars intermedia due to a developmental 
anomaly, reached the start of metamorphic climax 
and displayed the adult spot pattern (Bagnara, 
unpublished). These observations show rather 
conclusively that MSH is not a causative factor in 
the development of basic pigmentation patterns, 
but may play a modifying role by stimulating 
melanophore expression including the recruitment 
of latent melanoblasts, and inhibiting both the 
expression of iridophores [2] and the recruitment 
of latent iridoblasts [1, 9]. 

A final potential role for MSH in the develop- 
mental biology of pigmentation relates to the 
migration of neural crest cells from the neural 
tube. Through the use of immuno-fluorescence 
labeling with an anti-a-MSH polyclonal antibody, 
Frost-Mason et al., [25] have detected the presence 


742 J. T. BAGNARA AND P. J. FERNANDEZ 


Fic. 7. 


A R. pipiens tadpole in metamorphic stasis due 
to an anomalous development of the hypophysis 
such that MSH is lacking and TSH is insufficient to 
induce metamorphic climax. Note the obvious onset 
of the formation of a typical spot pattern even in the 
absence of MSH. 


of MSH along surfaces which may be principal 
neural crest migration routes. The MSH seems to 
be in association with high molecular weight mole- 
cules that may be part of the extracellular matrix of 
the embryos. It is attractive to speculate that such 
localizations of MSH are implicated with the pat- 
tern of neural crest cell migration or localization 
and that thus, MSH may play a role in the develop- 
ment of pigmentation patterns. 
search in this area is in its infancy and for this 
reason together with those mentioned above, it 
seems premature to conclude that MSH plays a 
role in pigment pattern formation by regulating 
chromatoblast migration. 


However, re- 


The Role of the Thyroid 


Among the myriad of morphological, physiolo- 


gical, and biochemical changes that occur at 
amphibian metamorphosis is the change from the 
relatively drab pigmentation of the larva to the 
striking coloration of the adult. Since practically 
every event in amphibian metamorphosis is under 
the direct control of thyroid hormones, notably 
thyroxine, it follows that the expression of the 
adult pigmentation pattern is regulated by thyrox- 
ine. Indeed, it is a well established fact that 
localized changes in pigmentation can be induced 
by local exposure to thyroxine as shown by Kalten- 
bach [34] who observed the development of adult 
pigmentation patterns in the vicinity of thyroxine/ 
cholesterol pellets implanted sub-cutaneously in R. 
pipiens tadpoles. In considering these thyroxine 
mediated changes that occur at metamorphosis, it 
is important to understand that with respect to 
pigment pattern formation, the role of thyroxine is 
a permissive one. The hormone does not deter- 
mine the pigment pattern that develops; rather, it 
permits the already pre-programmed pattern to be 
expressed. While this concept is almost self- 
evident, clear cut proof derives from simple ex- 
periments on tadpoles of R. pipiens wherein pieces 
of dorsal skin were rotated by 90° or by 180° [7]. 
At this stage, no morphological indications of the 
future spot pattern are in evidence and the tadpole 
dorsal integument seems more or less uniformly 
pigmented in drab brown or black. Nevertheless, a 
very precise spot pattern is already in place and 
merely awaits the appropriate metamorphic cue 
for its expression. This is shown by the fact that in 
the rotation experiments, prospective spots are 
often transected such that the unrotated part of a 
spot remains in place, but is missing a portion 
which is in the rotated skin piece displaced 90° or 
180°, depending upon the degree of skin rotation. 
At metamorphosis, when the action of thyroxine 
induces the expression of the adult pigmentation 
pattern, the effects of the skin rotations are man- 
ifested in appropriately disrupted spot patterns 
(Fig. 8F). Clearly then, thyroxine does not induce 
the formation of pigmentation pattern, but rather 


Fic. 8. 
of same frog bearing neural fold graft. 


A. Dorsal surface of newly transformed froglet of R. pipiens showing a large spot pattern. B. Ventral surface 
Note the pattern of small spots. 


C. Enlargement of graft area 


demonstrating that it represents an island or dorsality. Small black spots (arrows) are openings of skin glands. 
Such glands are not found in ventral skin. D. Section through skin gland of the ventral graft. E. Ventral graft of 
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dorsal ectoderm (excluding neural fold) from an open neurula. Note the formation of spots containing 
chromatophores presumably derived from outside the graft. F. Dorsal surface of a half grown adult which had a 
portion of dorsal skin rotated 180° at a mid-larval stage. The edges of graft had cut through spot areas leaving 
deficiencies that are now located 180° away. Note the exactness of fit between the separated spot areas. (From 


[7]). 
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is the agent responsible for its manifestation. 

The important problem of the mechanism of 
pigment pattern determination remains unsolved, 
but some evidence about the temporal aspects of 
this determination is available. With embryos of 
R. pipiens it was observed that if a portion of the 
dorsal ectoderm just lateral to, but separate from 
the neural fold, is transplanted orthotopically to 
the mid-ventral surface, the transplant differenti- 
ates into an island of dorsal integument (Fig. 8B, 
C, D, E) replete with dorsal pigmentation, skin 
glands, etc. [7]. Thus, by the open neural plate 
stage, dorsal ectoderm has been determined as 
dorsal. When neural crest cells (chromatoblasts) 
migrate ventrally, those that ultimately reside in 
programmed ventral ectoderm, behave according- 
ly and only iridophores differentiate; however, 
those that invade the dorsal transplant differenti- 
ate as they do in dorsal ectoderm and a full range 
of chromatophore expression is achieved and even 
a spot pattern is manifested (Fig. 8E). However, 
the size and conformation of the spots that form in 
this transplant differ markedly from those on the 
dorsal surface (Fig. 8A) and lead to the conclusion 
that at the time of the transplantation, the dorsal 
ectoderm had been determined to be dorsal, but 
only generally so, such that the specific details of 
the dorsal developmental patterns were not yet 
fixed. Thus, the transplanted dorsal skin regulated 
(in the embryonic sense) a pattern of its own. 
Since, a highly specified dorsal pattern is already in 
place by mid-larval life, it follows that at some 
period between neurula and mid-larval stages, the 
already generally determined ectoderm receives a 
second set of instructions that clearly delineates a 
highly specific dorsal pattern. Thus, it appears that 
the two types of adult pigmentation patterns, a 
dorsal/ventral pattern of dark/light pigmentation, 
and a specific spot pattern, are separately deter- 
mined. The mechanisms of these two separate 
determinations remain unresolved. 

Over the years, the cellular basis for the express- 
ion of pigment patterns at metamorphosis has been 
studied on somewhat of a piecemeal basis although 
the work of Smith-Gill [41, 42, 43] comprises a 
series of focused labor intensive studies of the 
morphological changes that occur in the formation 
of the dorsal pigmentation patterns of the leopard 


frog. She reported that there was a profound 
increase in the number of all the dermal chroma- 
tophores, but especially the melanophores. This 
increase is attributed to the differentiation of new 
melanoblasts and proliferation of existing mela- 
nophores. At the same time, a decrease in the 
number of epidermal melanophores was recorded. 
The reason for the loss of epidermal melanophores 
at metamorphosis remained unresolved until re- 
latively recently when Yasutomi [47] discovered 
that the increase in dermal melanophore number 
at metamorphosis in R. japonica was partially due 
to the migration of epidermal melanophores to the 
dermis where they acquire a dermal melanophore 
morphology. Of particular importance in this 
study was the demonstration that this migration 
could be induced in organ culture of dorsal skin in 
the presence of thyroxine. Thus, it appears that 
thyroxine also acts directly on the migration of 
epidermal melanophores and that any indirect 
effects of thyroxine on MSH release from the 
pituitary [17] can be precluded. It seems likely that 
thyroxine acts directly on chromatoblast dif- 
ferentiation or on the proliferation of dermal pig- 
ment cells at metamorphosis since it has been 
shown that the implantation of thyroxine/ 
cholesterol pellets under the skin of Pachymedusa 
dacnicolor tadpoles leads to localized pigment cell 
changes including the production of mosaic chro- 
matophores possessing both reflecting platelets 
and pterinosomes [14]. In addition, it has been 
shown that this hormone directly affects the meta- 
bolism of some chromatophore pigments at meta- 
morphosis. In the newt, Pleurodeles waltlii, a 
xanthophore pigment, pleurodeles blue, dis- 
appears from the skin abruptly at metamorphosis 
and its localized disappearance can be induced by 
the local implantation of thyroxine/cholesterol 
pellets [3]. The identity of pleurodeles blue re- 
mained unresolved for almost 25 years before it 
was identified to be a novel pyridine derivative 
[48]. The role of thyroxine in the disappearance of 
this compound from the skin at metamorphosis is a 
question of broad implications that begs to be 
answered. 


Other Hormones 
The effects of hormones other than MSH and 
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thyroxine on the physiological control of pigment 
cells has been known for some time (see [5]); 
however, it seems that so far only prolactin and the 
sex steroids are possible candidates as regulators of 
developmental changes in amphibian pigmenta- 
tion. Prolactin has long been known to play a 
major role in bringing about the various changes 
that occur in second metamorphosis of newts [28]. 
Among the integumental events that take place are 
changes in pigmentation; however, there is no 
clear cut demonstration of a role for prolactin in 
inducing these changes either directly or indirectly. 
The case for sex hormones playing a role in the 
development of amphibian color patterns is more 
compelling as a result of the studies of Richards 
[41]. She showed that the administration of 
estrogen or testosterone to juvenile african reed 
frogs (Hyperolius viridiflavus) could induce the 
premature expression of the adult bright green and 
yellow pigmentation pattern of females and some 
males. Juveniles are normally brown-striped. The 
tate of change from the juvenile to the adult 
pattern occurs more rapidly if the steroids are 
administered during metamorphic climax, and sug- 
gests that the actions of the sex hormones are more 
profound at this period of intense mitosis and 
pigment cell differentiation. This system seems to 
be an attractive one for the study of hormonal 
effects on the developmental biology of pigmenta- 
tion, but so far it remains unutilized. Another 
example of a steroid effect on pigmentation that 
has been under studied concerns the darkening of 
the dewlap in males of some adult anurans. While 
this is a well known male secondary sexual charac- 
teristic, the possible direct effects of androgens on 
the ontogenetic expression of this melanization 
remains to be investigated. 


DETERMINATION OF PIGMENT 
PATTERN IN SITU 


It seems clear that the two unrelated hormones, 
MSH and thyroxine are both active in the develop- 
ment of pigmentation, but in both cases their time 
of action is relatively late and their roles are 
permissive. As would be expected, pigmentation 
patterns seem to be determined early in embryonic 
and larval life; MSH and thyroxine function in the 


realization of these pre-determined patterns. With 
the acceptance of this premise comes the need to 
understand the mechanisms whereby these pat- 
terns are actually determined in the embryonic 
sense. With respect to what was mentioned earlier 
about the development of spot patterns in R. 
pipiens, a question of concern is, what determines 
dorsal ectoderm to be “dorsal” by at least the open 
neural plate stage? This question can not be 
answered at present; however, it seems likely that 
the underlying dorsal mesoderm may provide the 
inductive stimulus for this determination. 
Subsequent to the embryonic determination of 
dorsality and ventrality, in a general sense, comes 
the second step in determination, that of the high 
degree of specification revealed by the skin rota- 
tion experiments [7]. At this time in larval life, the 
exact position of spots and interspots is specified 
and while the exact larval stage at which this occurs 
has not yet been ascertained, our preliminary 
unpublished observations indicate that specifica- 
tion has already occurred by stage 4 of Taylor 
Kollros [44] and that it is probably in place by stage 
2 at which time the larvae are only about 20 mm in 
length. Of course, the mechanism for this second 
inductive step, the exact specification of pigmenta- 
tion pattern, is unknown. However, there is good 
reason to believe that its implementation involves 
the action of intrinsic highly localized molecules in 
the integument that either stimulate or inhibit the 
differentiation of appropriate pigment cells to pro- 
vide the circumscribed pigmentation patterns [15]. 
One of the candidate molecules for the imple- 
mentation of pigment pattern is the melanization 
inhibiting factor, MIF, which has received much 
attention since its discovery [26]. This high 
molecular weight protein (200 to 400 kD) ex- 
tracted from the ventral skin of several anurans, 
has the capacity to inhibit melanization of 
embryonic melanoblasts even in the presence of 
high levels of MSH [27]. It is thought to be the 
major factor in maintaining the whitish ventral 
surface of anurans (and probably other cold- 
blooded vertebrates) by inhibiting the melaniza- 
tion of latent melanoblasts and stimulating the 
expression of iridophores [11]. Purification of MIF 
has been a difficult task, but a partially purified 
MIF has been used to generate an anti-MIF 
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monoclonal antibody and its subsequent use as a 
probe has revealed MIF to be localized in specific 
regions of the ventral integument of R. pipiens 
adults (Fukuzawa, unpublished and published in 
abstract form as [40]). 

While investigations on the biological and 
biochemical characterization of MIF continue, a 
complementary melanization stimulating factor 
(MSF) has emerged from studies on the integu- 
ment of the catfish, Ictalurus punctatus [33, 49]. 
Purification of MSF and its biological and bioche- 
mical characterization is in its infant stages; 
however, MSH activity has been discovered in the 
skin of other species including R. pipiens [36]. An 
investigation of the spot pattern of this species has 
revealed that the black spots contain higher MSF 
activity than do the interspot areas. In the light of 
these most recent observations, it is attractive to 
consider that the dorsal spot pattern of R. pipiens 
is expressed because of the localized distribution of 
MSF molecules in exact accordance with this spot 
pattern. At the same time, in an extension of this 
reasoning, the white ventral pattern would result 
from the appropriate ventral localization of MIF. 
Whether the putative MSF of R. pipiens is chemi- 
cally related to that of the catfish, the marine 
teleost, Sparus auratus (Zuasti et al., in prepara- 
tion), or the Long/Evans rat [32] is as yet un- 
known. However, given the many homologies of 
pigmentary systems among vertebrates, such a 
possibility is likely and it may very well be that 
such a molecule is an important one in the estab- 
lishment of pigmentation patterns of all vertebrate 
species. 


CONCLUSION 


The pigmentation patterns of amphibians are 
striking and diverse. The development of these 
patterns is amenable to experimentation and the 
many studies of this problem have included the 
possible roles of hormones. Two important hor- 
mones, MSH and thyroxine, have been shown to 
affect the expression of pigment cells during de- 
velopment, but the nature of their respective roles 
seems permissive rather than causal. The basis for 
the circumscribed pigmentation patterns seems to 
be more likely related to intrinsic factors localized 


in the skin of all vertebrates so far studied. These 
include a melanization inhibiting factor (MIF) and 
a melanization stimulating factor (MSF) that are 
present in adult skin. Their presence in embryos 
has not been disclosed, but it seems likely that they 
are present in embryos, for early neural crest cells 
strikingly respond to putative MIFs or MSFs. It is 
attractive to consider that the action of these two 
factors in localized areas of the embryo are re- 
sponsible for the initiation of pattern formation 
and that an interplay between these two factors in 
the presence of an appropriate hormonal 
ambiance, provides the basic mechanism for the 
development and establishment of pigment pat- 
terns of amphibians and, indeed, all vertebrates. 
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Light-, Sound-, and Ultrasound-Induced Cercal 
Movements in Flying Crickets 
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ABSTRACT — In tethered flying crickets (Gryllus bimaculatus), the cerci are medially displaced so that 
they are held parallel to each other. When unequal illumination was given with a single light to the 
compound eyes, only the cercus ipsilateral to the light source showed a lateral bending in the yaw plane. 
The amplitude of this cercal movement was proportional to the position of the light source up to about 
90° (just perpendicular to the compound eyes), and it increased when the head was immobilized. When 
low-frequency sounds (0.5-15 kHz) were presented, the cercal movements occurred frequently in the 
cercus ipsilateral to the sound source. In contrast, in the presence of high-frequency sounds (20-30 
kHz; ultrasounds) the cercal movements occurred predominantly in the contralateral cercus. When one 
of the forelegs bearing the tympanic organs was removed, the cercal movements occurred predominant- 
ly on the intact side and on the operated side in response to low- and high-frequency sounds, 


respectively. 


INTRODUCTION 


Most tethered crickets assume a straight and 
symmetrical flight posture with or without flapping 
their wings. In this flight posture, the fore- and 
midlegs are held close to the body, the abdomen is 
elevated, and the hindlegs are extended directly 
backward [18, 34]. The crickets assuming the flight 
posture show a head-rolling movement toward the 
light source and a co-ordinated rudder-like move- 
ment of the abdomen and legs in response to 
unequal illumination of the compound eyes [34]. 
Sound and uitrasound stimuli also elicit lateral 
swing of the antennae and a rudder-like movement 
of the abdomen and legs to one side [6, 12-15, 18, 
20, 24]. Several insects exhibit these movements as 
specific maneuvers of flight, including locusts [1-3, 
5, 26-28, 32], flies [10, 37], and dragonflies [17, 
31]. 

In crickets, the movements of the head, legs, 
and abdomen elicited by external stimuli serve for 
steering during flight behavior [14, 34, 36]. Thus, a 
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head-rolling movement toward the light source 
and the co-ordinated rudder-like movement of the 
legs and abdomen result in orienting the dorsal 
surface toward the light source (dorsal light reac- 
tion) [34], while the yaw movement of the hindleg 
induced by sound and ultrasound contributes to 
steer the cricket toward the sound source (positive 
phonotaxis to calling songs) or away from it (nega- 
tive phonotaxis to ultrasound) [11, 12]. 

We report here that, in addition to the head, leg 
and abdominal movements, flying crickets exhibit 
rudder-like bending movement of the cerci, a pair 
of abdominal appendages carrying sense organs 
sensitive to air movement and vibration, in re- 
sponse to light stimulation from various directions 
as well. Such a cercal movement could also be 
induced by directional acoustic stimulation de- 
pending on the sound frequency. 


MATERIALS AND METHODS 


Experimental animals 


We used adult crickets (Gryllus bimaculatus) 
obtained from our laboratory colony in all experi- 
ments. The colony was maintained at a high 
density under controlled temperature conditions 
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(26-28°C) with a 12:12 hr light-to-dark cycle. 


Photographic analysis 


To analyze in detail the cercal movements dur- 
ing tethered flight, photographs of the steering 
postures were taken with a 35-mm camera. The 
camera was placed at the ventral side of an animal. 
The animal was adhered by its pronotum to a steel 
rod (3mm in diameter, 5cm in length) with a 
mixture of beeswax and resin and attached to a 
supporting apparatus for unrestrained recording of 
flight posture. Most animals could begin flying or 
assuming the flight posture without flapping the 
wings as soon as their heads were exposed to a 
wind stream [34]. The angle between the body 
midline and longitudinal axis of the cercus was 
measured from the photographs. 


Recording of cercal movements 


Recordings of cercal movements were made 
using a capacitative position-sensing device de- 
veloped by Sandeman [30] and Tomioka and 
Yamaguchi [34]. Briefly, sinusoidal signals of 40 
kHz emitted from an oscillator were led to a fine 
wand of enamel-coated copper wire (50 “m in 
diameter, 8mm in length) attached with wax to 
each cercus along its longitudinal axis. Two pairs 
of metal ball sensors (6.5 mm in diameter), were 
arranged at either side of the fine wands at an 
equal distance. The sensors received the 40 kHz 


sinusoidal signals from the wands. For simul- 
taneous recordings of both horizontal and vertical 
movements of the cercus, two pairs of sensors were 
arranged diagonally around the wand at an equal 
distance. The sinusoidal signals recorded by the 
two pairs of sensors were amplified by a two- 
channel differential amplifier, passed through a 
gate circuit and an RC filter and then recorded on 
a four-channel pen recorder with a light or acoustic 
stimulus monitor. To prevent the animal from 
removing the wands attached on the cerci during 
voluntary cleaning behavior with its hind legs, each 
tibia of the hind legs was cut off at the tibia-femur 
joint in advance. Although preliminary experi- 
ments showed no sex differences in cercal move- 
ments induced by light and acoustic stimulation, 
only males were used with light stimulation, since 
males had a tendency toward continuous flight 


[34]. Only females were used with acoustic sti- 
mulation, since phonotaxis to calling song and 
ultrasound has been most thoroughly studied in 
females [e.g., 18, 20, 36]. 


Light and acoustic stimulation 


A microlamp (Hamai Denkyu, 9V) controlled 
by a stimulator was used for illumination to the 
compound eyes. The position of the microlamp 
was manually changed using an apparatus which 
enabled the microlamp to move _ three- 
dimensionally around the animal with a distance of 
3cm from the animal. The intensity of the light 
stimulus was kept at 150 1x on the surface of the 
compound eyes. The acoustic stimuli used in this 
study were pure sine-wave tones generated by 
another oscillator through an envelope-shaping 
circuit and two kinds of speakers (Fostex FE 103 
for frequencies up to 18 kHz; Onkyo TW-3001 for 
the higher frequencies from 18 to 30 kHz). The 
speakers were positioned just perpendicular to the 
longitudinal body axis at a distance of 10 cm from 
the animal. The sound stimuli of different fre- 
quencies were given to the animal at the same 
intensity. The sound pressure from the speakers 
was measured with a sound pressure measurement 
apparatus via a microphone (Briel and Kjaer, 
4135) to be from 70 to 80 dB at the position of the 
tethered animal. Sound frequencies higher than 30 
kHz were not investigated. 


RESULTS 


Cercal movement induced by light stimulation 


Most tethered crickets which assume flight post- 
ures with or without flapping their wings point 
their antennae straight ahead, hold the fore- and 
midlegs close to the body, and extend the abdo- 
men and hindlegs directly backward. While the 
animal is assuming the flight postures, unequal 
illumination of the compound eyes induces not 
only a head-rolling movement toward the light 
source but also a bending movement of the abdo- 
men and hindlegs on the stimulated side [34]. 

It was found that once the animal assumed the 
flight posture with or without flapping the wings in 
response to wind stimulation to the head, both 
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Fic. 1. 


30sec 


Recordings of the light-induced cercal movements on both sides. Light stimuli were given from just lateral to 


the left eye (VL90°), just above the head (V0") and just lateral to the right eye (VR90°). The upward deflection in 
the first trace and the downward deflection in the second trace indicate the lateral bending in the right (R) and left 
(L) cerci. The third trace is the monitor of light stimulation (upward deflection, light on) and the dotted rectangle 
on the bottom indicates the period of flight. The schematic illustration on the top shows the position of cerci 
associated with flight and light stimulation. The open arrows indicate the direction of light stimuli. 


cerci began to open for a while, followed by their 
gradual closing toward the midline until they be- 
came parallel to each other (Fig. 1). When the 
cerci were in such a position and the compound 
eyes were unequally illuminated by a single light, 
lateral bending mainly in the yaw plane was in- 
duced in the cercus ipsilateral to the light source 
(Fig. 1). No lateral bending was recorded in the 
contralateral cercus with such illumination. When 
the light source was positioned just above the head 
(equal illumination of the compound eyes), no 
obvious movement was induced in either cercus. 
The lateral bending of the cercus ceased quickly 
and both cerci returned to the original position, if 
the animal stopped flying, either voluntarily or 
involuntarily (for example, through contact with 
the tarsi), whether the wind persisted unchanged 
or not. At such a resting state, no movements 
were induced in the cerci by light stimulation. The 
amplitude of lateral bending of the cercus varied 
with the position of light source (Fig. 2): the 
amplitude became larger as the light source moved 
toward lateral in the horizontal plane. The cercal 
movement in response to light stimulation usually 
occurred in the horizontal plane. The cercal 


movement in the pitching plane was barely re- 
corded regardless of the position of light source, 
although the cerci were displaced slightly down- 
ward after the onset of flight. 

As shown in Figure 3A,B, the cercal movement 
was barely induced when the light source was 
positioned from just above or under the head and 
just in front or behind the animal. However, when 
the light source was positioned between 0° (above) 
and 90° (lateral) in the vertical plane, only the 
cercus ipsilateral to the illuminated side bent later- 
ally. The amplitude of this cercal movement was in 
proportion to the position of light source up to a 
maximum of 90°. It decreased gradually with the 
positional change of light source from 90° to 180° 
(under the head, Fig. 3A). The contralateral cer- 
cus maintained a steady position with an angle of 
the cercus of about 5° regardless of the position of 
light source. A similar change of the cercal re- 
sponse to light was observed when the position of 
light source was changed in the horizontal plane 
(Fig.3B). The maximum cercal angle was 
obtained with the light source positioned just 
lateral to the ipsilateral eye (90°). 

To examine whether cercal movements were 
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Fic. 2. Three dimensional recordings of the light- 
induced cercal movements on the right side. The 
light stimuli were given from various directions in 
the vertical plane (A) and horizontal plane (B). 
V0", just above the head; VR45°, upper right; 
VR90°, just lateral to the right eye; VR135°, lower 
right; V180°, just under the head. HO", just in front 
of the head; HR45°, right frontal; HR90°, just 
lateral to the right eye; HR135’, right dorsal; H180", 
just behind the body. The first and second traces 
indicate the horizontal and vertical components of 
the cercal movement respectively. Upward deflec- 
tion in the first trace and downward deflection in the 
second trace indicate the movements toward the 
stimulated side and the upward movements respec- 
tively. See Figure 1 legend for further explanation. 


affected by proprioceptive feedback from the sen- 
sory hairs on the neck hair plate or visual feedback 
from the compound eyes, the head was fixed with 
wax to the prothorax. As shown in Figure 4, when 
the head was immobilized, the amplitude of cercal 
movement increased within the range of 40° to 120° 
light position in the horizontal plane. This result 
strongly suggests that the neck movement-related 
feedback plays an important role in the control of 
visually mediated cercal movements. 


Cercal movement induced by acoustic stimulation 


The cercal movements in the yaw plane were 
also induced by acoustic stimulation during flight. 
These movements had a close relation not only to 
the position of the sound source but also to its 
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Angle of cercus (degrees) 


Angle of stimulus (degrees) 


Fic. 3. Relation between the position of light stimulus 
and the angle of cercus. (A) The position of a 
microlamp was varied in the vertical plane (the 
angles of 0°, 90°, 180° in the abscissa correspond to 
the positions at just above the head, just lateral to 
the eye, and just under the animal respectively). R, 
right side; L, left side. (B) The position of the light 
source was varied in the horizontal plane (the angles 
of 0°, 90° and 180° in the abscissa correspond to the 
positions at just in front of the head, just lateral to 
the eye, and just at the back of the animal respec- 
tively). Open circles, left cercus; filled circles, right 
cercus. Both upper and lower broken lines in A and 
B indicate the angle of the cercus (about 33°) on 
both sides during rest. 


frequency. As shown in Figure 5A, with low- 
frequency sounds of 0.5 to 15 kHz, cercal move- 
ments were recorded more frequently in the cercus 
ipsilateral to the sound source than in the contra- 
lateral cercus. By contrast, with high-frequency 
sounds (ultrasounds) of 20 to 30 kHz, the cercal 
movements were recorded more frequently in the 
contralateral cercus than in the ipsilateral one (Fig. 
5B). 
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Fic. 4. Cercal response to visual stimulation before 
(solid line) and after (broken line) the fixation of the 
head. The position of a microlamp was changed in 
the horizontal plane and the angle of the right cercus 
was measured. Each point with a vertical bar 
indicate the mean of three measurements with stan- 
dard deviation respectively. See Figure 3 legend for 
further explanation. 
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Fic. 5. Recordings of the cercal movements induced by 
acoustic stimuli of 4 kHz (A) and 20 kHz (B). InA 
and B, upward deflection in the first trace and 
downward deflection in the second trace indicate the 
movements in the right cercus (R) which is ipsilater- 
al to the sound source and in the left cercus (L) 
contralateral to the sound source respectively. The 
third trace monitors the sound stimulation presented 
on the right side of the animal. 


A 
100 
a 
= 
O-r-7 
-_- . 
3 Uf 
Seok 
a) 
oO 
c 100 
o 100; B 
re 
= 
> ee 
3 = 
Oo (0) ite] 
= 
= 
o 
S) 
100 
—_——S SS 
01 0.5 1 5 10 2030 


Frequency (kHz) 


Fic. 6. Occurrence probabilities of cercal movements at 
various sound frequencies. (A) Intact animal (B) 
The tympanic organ ipsilateral to the sound source 
was removed. The occurrences are expressed as 
percentages of the number of total tests (n=30) at 
each frequency (ipsi., the cercal movements in the 
cercus ipsilateral to the sound source; contra., the 
cercal movements in the contralateral cercus). 


Figure 6A shows the percentages of the occurr- 
ence of cercal movements at each frequency when 
the cercus is ipsilateral and contralateral to the 
sound source, respectively: the bimodality which 
the cercus moves first in one direction and then the 
other at each frequency is indicated, though the 
direction of cercal movement basically depends on 
the sound frequency. It should be noted that the 
occurrence at each frequency did not reach a total 
100% because of the failure of some cercal move- 
ments. No cercal movements in the pitching plane 
in either cercus were induced, irrespective of the 
position of the sound source and of the sound 
frequency. 

In order to check the mutual interaction be- 
tween auditory inputs from both sides, the tympa- 
nic organ on the stimulated side was eliminated by 
cutting off the foreleg on which the tympanic organ 
existed at its trochanter-femur joint (Fig. 6B). 
When the sounds of 0.5 to 15 kHz were presented, 
the cercal movements were more frequent on the 
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intact side than on the operated side, i.e., the 
stimulated side. With ultrasounds of 20 to 30 kHz, 
the cercal movements occurred predominantly in 
the cercus ipsilateral to the sound source. There- 
fore, it is evident that after removing one tympanic 
organ, the relation between the position of the 
sound source and the predominantly responsive 
cercus was reversed for all the tested stimulus 
frequencies. The bimodality of cercal movements 
clearly observed in the intact animal was rarely 
detected in the operated animal. The failure of 
cercal movements somewhat increased at each 
frequency after removing the foreleg. 


DISCUSSION 


Functional significance of cercal responses to visual 
and acoustic stimuli in steering behavior 


Flying tethered crickets exhibit a dorsal light 
reaction which turns their backs toward the center 
of overall illumination [34], a positive phonotaxis 
to low-frequency sounds, and a negative phonota- 
xis to high-frequency sounds (ultrasounds) [e.g., 7, 
19-23, 35]. This behavioral orientation to stimulus 
sources is based on a variety of flight maneuvers 
such as the asymmetrical amplitude change of the 
wing beat and rudder-like movement of the hind- 
legs [11, 12]. The hindleg movement produces a 
change of air resistance to the windstream present 
around the body and thus enable the flying crickets 
to turn and direct their flight toward a stimulus 
source through an interaction with the hindwings. 
However, the rudder-like movement of the abdo- 
men does not seem to contribute to yaw turns, 
although it occurs in response to ultrasound [11]. 
This suggests a possibility that ruddering of the 
cercus is also ineffective for orientation to the 
stimulus source because of its very small surface 
area and light weight. If it should have any effect 
on the cricket’s flight path, it would probably be 
less direct than that of the hindlegs. In view of the 
multisegmental nature of steering behavior, the 
cercal movement in the yaw plane could be re- 
garded as one component reflex associated with 
that behavior, although it does not seem to play a 
direct role in steering. 

In support of this assumption, yawing move- 


ments could be observed in the antennae during 
flight as well. The amplitude of the antenna 
yawing movements changed with the direction of 
light stimuli just as the cercal movements. In 
addition, during equal illumination of the com- 
pound eyes with a light source the fore- and 
midlegs are held tightly close to the body on both 
sides, but during unequal illumination the legs on 
the side ipsilateral to the light source slightly relax 
(Ohnishi and Yamaguchi, unpublished data). 

The maintained displacement toward the mid- 
line has been also reported in the cerci of flying 
cockroaches [9]. No observation has yet been 
made on their cercal response to light and acoustic 
stimuli. 


Sensory feedback control of the cercal response to 
visual stimulus 


In the locust, the hairs on the neck plates play an 
important role in optomotor reactions. Sensory 
inputs from these hair plates compensate for the 
head-rolling angle [5]. In the present experiment, 
the amplitude of light-induced cercal movements 
was increased by fixing the animal’s head to the 
ridge of the prothorax with wax (Fig. 4). Regard- 
ing the proprioceptive function of the sensory 
hairs, Tomioka and Yamaguchi [34] reported that 
no changes in the head-rolling angle were observed 
in the cricket whose sensory hairs on the hair 
plates were removed, waxed, burned out or con- 
trolled so as not to touch the prothoracic fringe. 
These facts suggest that the increase in response 
amplitude following the head fixation is probably 
due to the lack of feedback inputs from the visual 
system which would, under intact condition, de- 
limit the response amplitude by decreasing aberra- 
tion between the light source and the dorso-ventral 
axis of the head caused by the head rolling. 


Effect of the direction and frequency of sound 
stimuli on the cercal response 


The present experiment showed that the cercal 
movements in the yaw plane are induced by acous- 
tic stimulation as well as by light stimulation. The 
most effective acoustic stimuli for producing the 
cercal movements were the sound of 4-5 kHz and 
the ultrasound of 30 kHz (the highest frequency 
used in the present experiment), corresponding to 
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such sounds as the conspecific calling song and 
ultrasounds emitted by bats, respectively. With 
the sounds of 0.5 to 15 kHz, the cercal movements 
were induced predominantly in the cercus ipsi- 
lateral to the sound source. With the ultrasounds 
of 20 to 30 kHz, they were induced mostly in the 
contralateral cercus (Fig. 6A). In this connection 
Moiseff et al. [18] reported that the flying crickets 
Teleogryllus oceanicus respond directionally to 
sound stimulation by bending their abdomens and 
hindlegs to one side: when they are stimulated with 
a model of a conspecific calling song with a carrier 
frequency of from 3 to 9 kHz, they turn toward the 
sound source, while they turn away from the same 
song pattern played at carrier frequencies from 30 
to 70 kHz. 

Concerning the directional response to acoustic 
stimulation, another point of interest was that the 
response was bimodal: the animal bents one cercus 
in some cases and the opposite one in other cases 
responding to acoustic stimuli of the same frequen- 
cy (Fig.6A). In addition, the occurrence of the 
cercal response to acoustic stimulation was not 
deterministic: the cercal responsiveness ranged 
from 10% to 90%, never reaching 100% at any 
frequency. Moiseff et al. [18] also reported the 
bimodality of abdomen yawing movements toward 
or away from the sound source and the failure of 
performing yawing movements in Teleogryllus 
oceanicus. 

One possible explanation for the bimodality of 
cercal responses to acoustic stimulation is that the 
bimodality observed over a wide frequency range 
may result from the cricket’s inaccurate ability to 
estimate the direction of the sound source, though 
the directional responsiveness of the cerci must be 
due to true frequency discrimination. Such errors 
in sound location do occur also in female crickets 
tracking the source of a male’s calling song by 
auditory cues [8, 33]. A second possibility is that 
the bimodality of directional responses does not 
merely indicate the cricket’s intent to steer toward 
low-frequency sounds and away from _high- 
frequency sounds, but instead it, including the 
failure of cercal response, may result in unpredict- 
able steering responses which should be adaptive 
since the predators such as bats have little chance 
of learning the insect’s strategies [16, 29]. The 


present experiment showed that the cercal re- 
sponse to acoustic stimulation was almost unimod- 
al after removing one tympanic organ (Fig. 6B). It 
is therefore suggested that the auditory inputs 
from both tympanic organs are involved not only 
in determining the directional responsiveness of 
the cerci, but also in mediating the “unpredictable 
cercal response”. We should expect a rather 
complex mechanism of the bimodal responsiveness 
to be tightly coupled to the neural circuitry con- 
trolling flight. 
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Effects of Wavelengths of Light on the Photoperiodic Gonadal 
Response of Blinded-Pinealectomized Japanese Quail 
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ABSTRACT — Action spectra for the photoperiodic gonadal response of blinded-pinealectomized quail 
were investigated by night interruption experiments in which light pulses (1 hour) with various 
wavelengths were given at the photoinducible phase, 13 hours after the onset of main photoperiod 
(8L16D). Spectral transmittance of the brain tissues was measured and the percent transmittance at the 
hypothalamus was obtained. Long wavelength light (750 nm) penetrates about 650 times more than 
short wavelength light (450nm). The difference spectra between the transmittance measured at the 
dorsal and the ventral borders of the hypothalamus represents the absorption by the hypothalamic 
tissues and showed two peaks at 500 and 600 nm. Action spectra measured by equalizing the number of 
photons reaching the hypothalamus showed a peak at 500 nm for the photoperiodic responses of the 
testis and the cloacal gland in blinded-pinealectomized quail. Since the light pulse delivered at the 
photoinducible phase was effective to induce gonadal growth in blinded-pinealectomized quail, the 
circadian oscillator as well as the photoreceptor for the photoperiodic time measurement seems to be 


located somewhere other than the eye and the pineal. 


INTRODUCTION 


The importance of extraocular photoreception 
for the photoperiodic gonadal response (gonadal 
development induced by long photoperiods) in 
birds has been known since Benoit’s pioneer work 
in 1935 [2, 19, 24]. The encephalic photoreceptor 
seems to be the most important extraocular photo- 
receptor [3, 7, 22], although the pineal organ might 
also be involved as an extraocular photoreceptor in 
the photoperiodic gonadal response of Japanese 
quail [21] and ducks [14]. 

In our previous paper [23], we reported a sti- 
mulative effect of red light on the maintenance of 
testicular size in Japanese quail, when light intensi- 
ty was adjusted at the bird height. This effect of 
red light was confirmed in quail [5] and cockerels 
[27] by measuring plasma luteinizing hormone and 
testosterone concentration. However, direct sti- 
mulation of the presumed encephalic photorecep- 
tors by implantation of radioluminescent substance 
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[15, 25] or light-conducting fibers [3, 12, 35] de- 
monstrated that these photoreceptors are sensitive 
to a broad range of wavelengths within the visible 
light. Recently, Foster and his colleagues [7, 8] 
illuminated the hypothalamic region with equal 
numbers of photons at a range of wavelengths via a 
fiber optic placed on the skull, and suggested that 
the photopigment of the encephalic photoreceptor 
involved in the photoperiodic response of quail is a 
thodopsin-like substance because the action spec- 
trum for the response indicated a very similar 
pattern to the absorption spectrum of rhodopsin. 
However, since the pineal was kept intact in their 
experiment, they failed to distinguish whether the 
response to light was through the encephalic 
photoreceptor or through the pineal that is a 
possible photoreceptor for the photoperiodic 
gonadal response [14, 21] and circadian rhythms 
[9] and has a photopigment immunoreactive to the 
antiserum against rhodopsin [1, 4, 18, 32]. 

In the present study, we measured transmittance 
of various wavelengths of light through overlying 
tissues into the hypothalamus in decapitated heads 
of intact and blinded-pinealectomized Japanese 
quail. We, then, adjusted the number of photons 
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delivered to the dorsal border of the hypothalamus 
to become equal for each wavelength in blinded- 
pinealectomized quail, and recorded the action 
spectra for gonadal development by inserting one- 
hour pulses of monochromatic light at the photoin- 
ducible phase. “Photoinducible phase” is so called 
because a light pulse interrupting the dark period 
at a certain phase induces gonadal development 
even though the animals are under short photo- 
periods, and the circadian time measurement sys- 
tem is considered to be involved [6, 29, 33]. 


MATERIALS AND METHODS 


Japanese quail (Coturnix coturnix japonica) 
were obtained from a local breeder. Food and 
water were given ad libitum. The large spectro- 
graph in National Institute for Basic Biology, 
Okazaki, Japan, was used to obtain monochroma- 
tic light of short band width. Details of the 
spectrograph design were reported by Watanabe et 
al. [34]. A 30 kW xenon short arc lamp was used in 
Exp. 1 and a 6kW lamp in Exp. 2. Intensity of 
light was measured by UDT 181 radiometer (Un- 
ited Detector Technology Co., Culver City, Cali- 
fornia) and YSI 65A radiometer (Yellow Spring 
Instruments, Yellow Springs, Ohio). 


Exp. 1 Spectral transmittance of the brain tissues 


A head without lower jaw (3 intact and 3 
blinded-pinealectomized) of 5-week old quail just 
after decapitation was placed in a black plastic box 
with two holes (5 mm in diameter). Monochroma- 


TABLE 1. Intensity of light at various wavelengths. 
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tic light (from Okazaki large spectrograph, band 
width 0.5 nm) was introduced via the upper hole 
and a photo-detector (UDT 181) was placed at the 
bottom hole. Stray light was omitted by covering 
the apparatus by a black rubber sheet with a hole 
on the top. Intensity of light was measured (1) 
without the head (blank), (2) in the dorsal midline 
just beneath the skull, (3) at the dorsal border of 
the hypothalamus, and (4) at the ventral border to 
the hypothalamus, and percent transmittance 
against the blank was plotted for each case. 
Absorption by the hypothalamus was shown as the 
difference between the percent transmittance at 
the dorsal and the ventral borders of the hypotha- 
lamus. 


Exp.2 Action spectra for the photoperiodic 
gonadal response in blinded-pinealectomized quail 


Thirty quail (4 week-old) reared under 8L16D 
(light period: 03 :00-11:00) were pinealectomized 
and bilaterally enucleated under Nembutal anes- 
thesia. One week later, birds were housed in 
individual cages and divided into 7 groups assigned 
to several wavelengths. One group was main- 
tained under 8L16D and served as control. The 
other groups were also maintained in 8L16D, but 
they received in addition one-hour pulses of 
monochromatic light at 13 hours (16:00-17:00; 
photoinducible phase) after the onset of main 
photoperiod. Therefore, the lighting regimen was 
8L:5D:1L:10D, and the birds were maintained in 
this lighting regimen for 15 days. To provide the 
monochromatic light, birds were taken out from 


The intensity of light at the surface of the head was 


adjusted so as to give the same amount of photons at the dorsal border of hypothalamus for each 


monochromatic light 


Intensity of light (W/cm?) 


No. of photons/cm?/sec 


Wavelength (nm) 
Surface of the head 


Hypothalamic level 


Hypothalamic level 


750 0.32 
650 1.04 
600 5.0 
550 27.0 
500 18.0 
450 135 


x 10° 


x10~4 
4.34 
5.41 
5.55 
5.54 
7.11 
7.16 
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their individual cages, and immobilized on a 
board, and were placed in a light-proof box. All of 
these procedures were carried out in complete 
darkness. And then, these light-proof boxes were 
brought into the spectrograph room and the birds 
were illuminated by removing the lids of the boxes. 
Wavelengths chosen were 450, 500, 550, 600, 650 
and 750 nm. The intensity of light was adjusted by 
neutral density filters so as to give the equal 
number of photons at the dorsal border of the 
hypothalamus for each monochromatic light 
(Table 1), and it was almost the same as that 
reported by Foster and Follett [7]. At 5, 8, 11 and 
15 days after the beginning of the experiment, the 
size of the cloacal gland protrusion (the secondary 
sex characteristic of males) was measured with a 
caliper, and, at the end of the experiment, birds 
were sacrificed by decapitation and testes weight 
was measured. Completeness of pinealectomy was 
checked anatomically. Statistical analysis was 
done by Duncan’s multiple range test. 


RESULTS 


The result of Exp. 1 is shown in Fig.1. The 
percent transmittance under the skull against the 
blank decreased gradually from 750 nm to 500 nm 
and drastically from 500 nm to 350 nm in the head 
of intact quail. In the case of blinded- 
pinealectomized quail, the reduced transmittance 
was observed in the whole range of visible spec- 
trum due to suturing of the skin. At the dorsal 
border of the hypothalamus of intact and blinded- 
pinealectomized quail, the percent transmittance 
decreased gradually from 750 nm to 650 nm and 
then drastically to 550nm. It increased again at 
500 nm. At 450 nm, the minimum transmittance 
was observed. The difference spectra between the 
transmittance measured at the dorsal and the 
ventral borders of the hypothalamus represent the 
absorption of the hypothalamic tissues and showed 
two peaks at 500 and 600 nm. 

The results of Exp. 2 are shown in Fig. 2. When 
light-pulses were inserted at the photoinducible 
phase (13 hours after the onset of main photo- 
period) for 15 days, testicular weight at 500 nm 
increased significantly (0.294+0.109g), while 


those at 450, 650 nm and control remained small 


Transmittance (%) 


350 400 450 500 550 600 650 700 750 


Wavelength (nm) 


Fic. 1. Transmittance (%) of the brain tissues for va- 
rious wavelengths. Circles, squares and triangles 
indicate transmittance under the skull, at the dorsal 
border and at the ventral border of the hypothala- 
mus, respectively. Solid and broken lines indicate 
transmittance measured in intact and blinded- 
pinealectomized birds, respectively. 


(0.046+0.032 g, 0.031+0.010 g and 0.079 + 0.030 
g, respectively). The difference between the 
values at 500 nm and 650 nm was statistically signi- 
ficant (P<0.05). The values at 550 and 600 nm 
were intermediate. The response of the cloacal 
gland was more distinct. The cloacal gland growth 
could be detected at 11 days after the beginning of 
the experiment. At the end of experiment, the 
value at 500nm (0.693+0.118 cm?) was signi- 
ficantly larger than those at 600 nm (0.305 +0.027 
cm’) and 650nm (0.325+0.029 cm*) (P<0.05). 
The value at 500 nm was not significantly different 
from that of control (0.393 +0.076 cm”), but it was 
close to the significant level. The peak at 500 nm 
coincided with one of the absorption peaks of 
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Boose 4 Cloacal Gland 


Testes Wt. (g) 


450 500 550 


600 


(,Wd) Baily puRly jedeOID 


650 


Wavelength (nm) 


Fic. 2. 


Effects of one-hour light pulses with various wavelengths on the growth of the testis and cloacal gland in 


blinded-pinealectomized Japanese quail. The light pulses were inserted at the photoinducible phase, 13 hours 
after the onset of main photoperiod (therefore, lighting regimen is 8L:5D:1L:10D). The intensity of light was 
adjusted so as to give equal numbers of photons at the dorsal border of the hypothalamus at a range of visible 
spectrum. Testicular weight and cloacal gland size after 15 days of lighting treatment were shown. Significant 


difference between a and b: P<0.05. 


hypothalamic tissues. These results clearly indi- 
cate that photoperiodic responses of the testis and 
cloacal gland were induced via the extraocular and 
extrapineal photoreceptor, and suggest that the 
site of the circadian oscillator for the photo- 
periodic time measurement is somewhere other 
than the eye and pineal. 


DISCUSSION 


The results on spectral transmittance of brain 
tissues in intact Japanese quail confirmed the re- 
ports by Hartwig and Van Veen [13] and Foster 
and Follett [7]. Since the spectral transmittance of 
brain tissues in blinded-pinealectomized quail was 
similar to that in intact quail, suturing of the skin 
after operation did not change the basic pattern of 
the spectral transmittance. 

The results obtained from the present action 
spectrum experiment in blinded-pinealectomized 
quail by equalizing the number of photons 
reaching the hypothalamus for each wavelength 
confirmed those in the photoperiodic responses of 


intact quail reported by Foster and his colleagues 
[7, 8], and were different from those of previous 
studies in which light intensities were adjusted to 
equal energy at the surface of the head [23]. 
Discrepancy between the previous studies (red 
light was more effective [23]) and the present study 
is probably due to the fact that the light with longer 
wavelengths penetrate through the brain tissues 
more than that with shorter wavelengths. 
Although the results using intact quail could not 
distinguish the effects via the hypothalamic photo- 
receptor from the effects via the pineal [14, 21] 
which has photoreceptor-like structures [20] and a 
thodopsin-like photopigment [1, 4, 10, 18, 32], the 
present study in blinded-pinealectomized quail 
clearly demonstrated the role of the encephalic 
photoreceptor in the photoperiodic gonadal re- 
sponse. The peak of the photoperiodic response at 
500 nm coincided well with the absorption peak of 
hypothalamic tisswes and suggests that a rhodop- 
sin-like pigment in the hypothalamus is involved in 
the photoperiodic gonadal response of quail. By 
the use of antiserum against rhodopsin [16], we 
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obtained preliminary results on immunopositive 
cells in the hypothalamus of quail and Japanese 
grass lizards (Oishi et al., unpublished) similar to 
the reports by Silver ef al. [28] in birds and Foster 
et al. [11] in lizards. 

Since the light pulse inserted at the photoinduci- 
ble phase was effective to induce photoperiodic 
response of gonads, the present study suggests that 
a circadian clock system is involved in the photo- 
periodic time measurement as reported by several 
authors [6, 29, 33]. Furthermore, since our experi- 
ment was performed in blinded-pinealectomized 
quail, the location of the circadian oscillator for 
the photoperiodic time measurement as well as the 
circadian photoreceptor is somewhere other than 
the eye and pineal, probably the hypothalamus. 
Therefore, the site of the oscillator for the photo- 
periodic time measurement seems to be different 
from the site for the locomotor activity rhythm in 
quail (the eye) as reported by Underwood and his 
colleagues [30, 31] and Konishi er al. [17]. This is 
in agreement with the report by Follett et al. [6] 
who suggested different oscillator systems for 
thythms of “photoinducibility” and locomotor 
activity in Japanese quail. 


ACKNOWLEDGMENTS 


We are grateful to Dr. M. Watanabe, National Insti- 
tute for Basic Biology, for his help and encouragement 
throughout this research, and Dr. A. Masuda for critical 
reading of the manuscript. This work was partly sup- 
ported by a grant 81A03 for researches at Okazaki Large 
Spectrograph, National Institute for Basic Biology. 


REFERENCES 


1 Araki M, Fukada Y, Shichida Y, Yoshizawa T, 
Tokunaga F (1992) Differentiation of both rod and 
cone types photoreceptors in the in vivo and in vitro 
developing pineal glands of the quail. Dev Brain Res 
65: 85-92 

2 Benoit J (1935) Stimulation par la lumiére artificiel- 
le du développement testiculaire chez des canards 
aveuglés par énucléation des globes oculaires. C R 
Soc Biol 120: 136-139 

3 Benoit J (1970) Etude de l’action des radiation 
visibles sur la gonadostimulation et de leur pénétra- 
tion intracraniénne chez les oiseaux et les mammi- 
feres. In “La photorégulation de la reproduction 
chez les oiseaux et les mammiféres” Ed by J Benoit, 


10 


12 


13 


14 


15 


16 


I Assenmacher, Cent Natl Recher Sci, Paris, pp 
121-146 

Deguchi T (1981) Rhodopsin-like photosensitivity 
of isolated chicken pineal gland. Nature 290: 706- 
707 

Follett BK, Davies DT, Magee V (1975) The rate of 
testicular development in Japanese quail (Coturnix 
coturnix japonica) following stimulation of the extra 
retinal photoreceptor. Experientia 31: 48-49 
Follett BK, Kumar V, Juss TS (1992) Circadian 
nature of the photoperiodic clock in Japanese quail. 
J Comp Physiol A171: 533-540 

Foster RG, Follett BK (1985) The involvement of a 
rhodopsin-like photopigment in the photoperiodic 
response of the Japanese quail. J Comp Physiol 
A157: 519-528 

Foster RG, Follett BK, Lythgoe JN (1985) Rhodop- 
sin-like photosensitivity of extra-retinal photorecep- 
tors mediating the photoperiodic response in quail. 
Nature 313: 50-52 

Foster RG, Korf H-W, Schalken JJ (1987) Im- 
munocytochemical markers revealing retinal and 
pineal but not hypothalamic photoreceptor systems 
in the Japanese quail. Cell Tissue Res 248: 161-167 
Foster RG, Schalken JJ, Timmers AM, De Grip WJ 
(1989) A comparison of some photoreceptor charac- 
teristics in the pineal and retina. I: The Japanese 
quail (Coturnix coturnix japonica). J Comp Physiol 
A165: 553-563 

Foster RG, Garcia-Fernandez JM, Provencio I, 
DeGrip WJ (1993) Opsin localization and chro- 
mophore retinoids identified within the basal brain 
of the lizard Anolis carolinensis. J Comp Physiol 
A172: 33-45 

Glass JD, Lauber JK (1981) Sites and action spectra 
for encephalic photoreception in the Japanese quail. 
Am J Physiol 240: R220-—R228 

Hartwig H-G, van Veen T (1979) Spectral charac- 
teristics of visible radiation penetrating into the 
brain and stimulating extraretinal photoreceptors. J 
Comp Physiol A130: 277-282 

Hisano N, Cardinali DP, Rosner JM, Nagle CA, 
Tramezzani JH (1972) Pineal role in the duck 
extraretinal photoreception. Endocrinol 91: 1318- 
1322 

Homma K, Sakakibara Y (1971) Encephalic photo- 
receptors and their significance in photoperiodic 
control of sexual activity in Japanese quail. In 
“Biochronometry” Ed by M Menaker, Natl Acad 
Sci, Washington DC, pp 333-341 

Kawata A, Oishi T, Fukada Y, Shichida Y, Yoshiza- 
wa T (1992) Photoreceptor cell types in the retina of 
various vertebrates species: Immunocytochemistry 
with antibodies against rhodopsin and iodopsin. 
Photochem Photobiol 56: 1157-1166 


Konishi H, Ohta M, Homma K (1985) Important 


18 


19 


20 


21 


22 


23 


24 


75) 


26 


27 


762 


role of the eyes controlling the locomotor rhythm in 
quail. J Interdiscip] Cycle Res 16: 217-226 

Masuda H, Oishi T, Ohtani M, Michinomae M, 
Fukada Y, Shichida Y, Yoshizawa T (1993) Visual 
pigments in the pineal complex of the Japanese 
quail, Japanese grass lizard and bullfrog: Immuno- 
histochemistry and HPLC analysis. Tiss Cell (in 
press) 

Menaker M, Underwood H (1976) Extraretinal 
photoreception in birds. Photochem Photobiol 23: 
299-306 

Oishi T (1972) Photoendocrine responses and 
photoreception. Ph D thesis, University of Alberta 
Oishi T, Kato M (1968) Pineal organ as a possible 
photoreceptor in photoperiodic testicular response 
in Japanese quail. Mem Fac Sci Kyoto Univ Ser Biol 
II: 12-18 

Oishi T, Lauber JK (1973) Photoreception in the 
photosexual response of quail. I. Site of photorecep- 
tor. Am J Physiol 225: 155-158 

Oishi T, Lauber JK (1973) Photoreception in the 
photosexual response of quail. II. Effects of intensi- 
ty and wavelength. Am J Physiol 225: 880-886 
Oishi T, Konishi T, Kato M (1966) Investigation of 
photorecepting mechanism to control the gonadal 
development in Japanese quail. Environ Cont Biol 
3: 87-90 

Olivre J, Baylé JD (1976) The involvement of the 
preoptic-suprachiasmatic region in the photosexual 
reflex in quail: Effects of selective lesions and photic 
stimulation. J Physiol (Paris) 72: 627-637 

Oliver J, Baylé JD (1982) Brain photoreceptors for 
the photoinduced testicular response in birds. Ex- 
perientia 38: 1021-1029 

Osol G, Foss DC, Carew LB Jr (1984) Effects of 


T. OISHI AND K. 


28 


29 


30 


31 


32 


33 


34 


35 


OHASHI 


selected wavelengths of light on reproductive de- 
velopment in cockerels. Gen Comp Endocrinol 55: 
227-232 


Silver R, Witkovsky P, Horvath P, Alones V, 
Barnstable CJ, Lehman MN (1988) Coexpression of 
opsin- and VIP-like-immunoreactivity in CSF- 
contacting neurons of the avian brain. Cell Tissue 
Res 253: 189-198 

Simpson SM, Follett BK (1982) Formal properties 
of the circadian system underlying photoperiodic 
time-measurement in Japanese quail. J Comp Phy- 
siol 145: 381-390 

Underwood H, Siopes H (1984) Circadian organiza- 
tion in Japanese quail. J Exp Zool 232: 557-566 
Underwood H, Barrett RK, Siopes T (1990) Mela- 
tonin does not link the eyes to the rest of the 
circadian system in quail: A neural pathway is 
involved. J Biol Rhythms 5: 349-361 

Vigh B, Vigh-Teichmann I (1981) Light- and elec- 
tron-microscopic demonstration of immunoreactive 
opsin in the pinealocytes of various vertebrates. Cell 
Tissue Res 221: 451-463 


Wada M (1979) Photoperiodic control of LH secre- 
tion in Japanese quail with special reference to the 
photoinducible phase. Gen Comp Endocrinol 39: 
141-149 

Watanabe M, Furuya M, Miyoshi Y, Inoue Y (1982) 
Design and performance of the Okazaki large spec- 
trograph for photobiological research. Photochem 
Photobiol 36: 491-498 

Yokoyama K, Oksche A, Darden Th R, Farner DS 
(1978) The sites of encephalic photoreception in 
photoperiodic induction of the growth of the testes 
in the white crowned sparrow, Zonotrichia 


leucophrys gambelii. Cell Tissue Res 189: 441-467 


ZOOLOGICAL SCIENCE 10: 763-772 (1993) 


© 1993 Zoological Society of Japan 


Endothelin-1 Causes Aggregation of Pigment 
in Teleostean Melanophores 


Ryozo Fu, YuxKiKo TANAKA and Hirosut HAYASHI 


Department of Biomolecular Science, Faculty of Science, 
Toho University, Miyama, Funabashi, 
Chiba 274, Japan 


ABSTRACT—In many species of teleosts, and in zebrafish (Brachydanio rerio) in particular, 
endothelin-1 (ET-1) caused aggregation of pigment within melanophores in a dose-dependent manner. 
ET-1 appeared to act directly on the melanophores since denervated melanophores responded to the 
peptide quite similarly to the normally innervated cells. Alpha-adrenergic blockers, namely, phentol- 
amine and tolazoline, and a muscarinic cholinergic blocker, scopolamine, did not interfere with the 
action of ET-1 on melanophores. Contrary to our expectations, BQ-123, an inhibitor of mammalian 


ET-1 receptors (ET, receptors), did not block the action of ET-1 on melanophores. 


Presumably, 


teleostean ET receptors have very different pharmacological characteristics from those of mammalian 
species. In many fishes, ET may be involved in the subtle and delicate modification of hues and patterns 
of the integument that are associated with their elaborate and effective chromatic strategies for survival. 


INTRODUCTION 


Endothelin (ET) is a vasoconstrictive peptide 
that was first isolated from medium in which 
porcine vascular endothelial cells had been cul- 
tured [26]. ET very effectively induces the con- 
striction of almost all vessels, both arterial and 
venous, of a number of mammalian species. There 
are, in fact, three isopeptides of ET, namely, 
ET-1, ET-2 and ET-3, and they have various 
biological effects on vasculature [13, 18]. 

To date, only few studies have been reported on 
the presence in and the effects of ETs on lower 
vertebrates. Uemura et al. [24] detected im- 
munoreactive ET in the plasma of several lower 
vertebrates, including two teleost species. Kasuya 
et al. [16] described the presence of immunoreac- 
tive ET in the central nervous system of the 
medaka. Furthermore, it was recently shown that 
mammalian ET-1 causes contraction of the vascu- 
lature in the rainbow trout Salmo gairdneri 
(Oncorhynchus mykiss) [20]. Poder et al. [22] 
reported that ET-1 induced vasoconstriction of 
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mesenteric arteries in a species of catfish [ctalurus 
(Ameiurus) melas and in other poikilothermic 
vertebrates. To date, there have been no well 
documented reports on the effects in fish of ETs on 
cells other than those of the vascular musculature. 
In the present study, therefore, we examined the 
effects of this peptide on the dermal melanophores 
of several species of fish. Since the chemical 
characterization of fish ETs has not been per- 
formed, we chose a readily available mammalian 
ET-1 as a representative ET. 


MATERIALS AND METHODS 


Materials 


Adult forms, without reference to sex, of the 
zebrafish (Brachydanio rerio), the rose bitterling 
(Rhodeus ocellatus ocellatus), the Nile tilapia 
(Oreochromis niloticus), the mailed catfish (Cory- 
doras paleatus), the white cloud mountain minnow 
(Tanichthys albonubes), the common minnow 
(Zacco platypus), the black striped gudgeon 
(Pungtungia herzi), the medaka (wild type; Ory- 
zias latipes) and the marble goby (Oxyeleotris 
marmoratus) were employed. These teleostean 
species were purchased from the local dealers in 
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Tokyo and in Chiba Prefecture, and they were 
reared in freshwater aquariums in our facilities for 
at least a week for acclimatization. 

Scales with pieces of integumental tissue 
attached from all species named above were sub- 
jected to measurements of the responses of me- 
lanophores. Specimens were isolated from the dor- 
so-lateral part of the trunk, except in the case of 
the mailed catfish Corydoras, in which the middle 
part of the mail, including the lateral line, was 
excised and carefully cleaned by discarding the 
debris of connective tissue components [14]. 
When we used Nile tilapias, split-fin preparations 
[1] were also employed. The specimens of skin 
were excised and prepared in a physiological saline 
solution for teleosts, which had the following com- 
position (in mM): NaCl 125.3, KCl 2.7, CaCl 1.8, 
MgCl, 1.8, (R)-(+)-glucose 5.6, Tris-HCl buffer 
5.0 (pH 7.3). 

Among the fish listed above, zebrafish were 
predominantly used for quantitative studies, be- 
cause these fish were readily available, and repro- 
ducible results were consistently obtained if we 
focused on the melanophores around the center of 
a scale for measurements. In addition, since 
zebrafish can be conveniently employed for assess- 
ing the extent of water pollution, and since their 
eggs are frequently used for biotechnological stud- 
ies which include efforts to obtain transgenic fish, 
we have begun to direct our attention to this 
species in particular. We expect that the outcome 
of our chromatic physiological studies of this spe- 
cies will provide useful information for future 
experiments-with these fish. 

The scales on the dorso-lateral surface of ze- 
brafish were plucked out from the anterior part of 
the trunk for experiments. The melanophores are 
not located in the dermis between the epidermis 
and the bony scale in this fish, but are found in the 
thin dermal loose connective tissue below the 
scales. This situation resembles that in the dark 
chub, Zacco temmincki [10], and in some other 
cyprinids, for example, the topmouth gudgeon, 
Pseudorasbora parva (Fujii, unpublished observa- 
tions). Without a covering of epidermis, which 


always forms a strong barrier to the diffusion of 
solutes, the melanophores are very accessible to 
stimulatory chemicals, and, indeed, they exhibit 


very high responsiveness to chemical stimulants. 

Before experimentation, scales isolated from the 
medaka and the marble goby were stored in a 
refrigerator (4°C) for 30-60 minutes in a saline 
solution that lacked Ca** and Mg** ions. The 
recipe of the solution was as follows (in mM): 
NaCl 130.7, KCl 2.7, (R)-(+)-glucose 5.6, 
ethylenediamine tetraacetic acid (disodium salt; 
Dojindo Lab., Kumamoto, Japan) 1.0, Tris-HCl 
buffer 5.0 (pH7.3). Then the epidermis was 
carefully removed with fine forceps. 

In some experiments, responses of denervated 
melanophores were studied. Such melanophores 
were obtained by intraperitoneal injection of 6- 
hydroxydopamine (6-OHDA) [11]. Zebrafish, 
anesthetized by immersion in a 0.005% solution of 
MS-222, were injected with 6-OHDA (80 yg per 
gram body weight). The melanophores on a scale 
plucked from a fish that had been left overnight in 
an aquarium were tested to determine whether the 
cells had been denervated. When the melan- 
ophores were found to be refractory to an eleva- 
tion in the level of K* ions in the medium, they 
were regarded as being denervated. 


Recording of responses of melanophores 


The physiological and pharmacological methods 
employed were basically the same as those de- 
scribed in previous reports [3, 21]. The photoelec- 
tric method for recording motile responses of 
melanophores was fundamentally identical to that 
described by Oshima and Fujii [21], but the elec- 
tronic circuitry was somewhat modified by incor- 
poration of integrated circuits of a new type, 
namely, CMOS chopper-stabilized operational 
amplifiers (MAX421; Maxim Integrated Products, 
Sunnyvale, CA). As a result, offset correction, 
which is a rather difficult procedure for novices, 
was not necessary for practical purposes (Fujii et 
al., to be described elsewhere). 

Light transmittance through a circular area of 
skin with a diameter of 150 ~m was measured. In 
many cases, the area was sufficient to include the 
region occupied by only a single melanophore [21]. 
When smaller melanophores were densely distrib- 
uted as in the scales of zebrafish, a few me- 
lanophores were included within each domain, and 
the net effects of their motile responses were 
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recorded. At the end of each series of measure- 
ments, a sufficiently strong solution of nor- 
epinephrine hydrochloride (NE; racemic modifica- 
tion; Sankyo, Tokyo) made up in the physiological 
saline was applied for a few minutes in order to 
bring about the full aggregation of pigment for 
reference. Usually a 50 uM solution of NE was 
strong enough for this purpose. The concentration 
of NE is expressed in terms of the sum of the 
concentrations of the active (R)-(—)- and inactive 
(R)-(+)-isomers. The full extent of the response 
to ET-1 was sometimes recorded before treatment 
of a specimen with norepinephrine, in particular 
when solutions of ET-1 at higher concentrations 
were employed. In all cases, the magnitude of the 
response was expressed as a percentage of the 
maximal response observed during the course of 
measurements, with the fully dispersed state taken 
as Zero. 


Drugs used 


Chemical structures of teleostean ETs have not 
yet been determined. Therefore, a mammalian 
ET-1 (ET-1, human/porcine; Sigma Chemical, St. 
Louis, MO) was selected as a representative of the 
three known ET isopeptides because this peptide is 
known to produce definitive and pronounced con- 
traction of vascular smooth muscles in many ani- 
mal species, including some teleosts (cf. Introduc- 
tion). 

In addition to ET-1 and NE, the following drugs 
were employed: phentolamine mesylate (Ciba- 
Geigy, Basel), tolazoline hydrochloride (Sigma 
Chemical), acetylcholine chloride (Daiichi 
Seiyaku, Tokyo), scopolamine N-butylbromide 
(Yamanouchi Pharmaceutical, Tokyo), 3-amino- 
benzoic acid ethyl ester (methanesulfonate salt; 
MS-222; Nacalai Tesque, Kyoto) and 6- 
hydroxydopamine hydrobromide (Sigma Chemi- 
cal). BQ-123-Na, an antagonist of ET receptors of 
the ET, type, was a gift from Dr. M. Yano, Banyu 
Pharmaceutical Co, Tsukuba, Ibaraki. Its struc- 
ture has been determined to be cyclo(-p-Asp-L- 
Pro-p-Val-L-Leu-pD-Trp-) [12]. Stock solutions of 
these drugs were diluted with the physiological 
saline immediately before use. 

Before we examined the effects of ET-1, K*- 
rich saline was frequently applied to the prepara- 


tions of skin to confirm that the melanophores 
exhibited normal responsiveness. We adopted 
stimulation by K* ions for this purpose since the 
induced aggregation of pigment was rapidly re- 
versible, and the aftereffects of the stimulation 
were minimal. The responsiveness to K‘-rich 
medium also provided evidence that the cells were 
normally innervated, since the aggregation of pig- 
ment in response to K* ions is known to be 
induced via the release of neurotransmitter from 
sympathetic fibers [1]. In the present study, a 
saline solution containing 50mM K®* ions was 
employed. The concentration of Na‘ ions was 
appropriately decreased so that the final osmolar- 
ity was the same as that of the normal saline. 

All physiological measurements were made at 
room temperature (20-25°C). 


RESULTS 


Effects of ET-1 on melanophores 


Motile responses of melanophores to endothe- 
lin-1 (ET-1) were examined in the teleostean spe- 
cies. Most melanophores in preparations of skin 
from the fishes listed in Materials and Methods 
responded to ET-1 by the aggregation of their 
pigmented organelles, the melanosomes. The 
photomicrographs shown in Figure 1 demonstrate 
that ET-1 effectively induced the aggregation of 
melanosomes in the melanophores on the scales of 
the zebrafish. To confirm that the melanophores 
actually had normal motile activity, a K‘*-rich 
saline solution was applied prior to the application 
of ET-1 (Fig. 1). 

Among the fish studied, the Nile tilapia was an 
exception. The melanophores on the scales, as 
well as on the split-tail fin preparations, of this 
species were found to be refractory to ET-1. 
Furthermore, the melanophores on scales of the 
medaka and the marble goby were only found to 
be responsive to ET-1 after removal of the 
epidermis on the top of the loose connective tissue 
in which the melanophores were embedded. 

Melanophores on scales of the zebrafish were 
employed for quantitative studies, as mentioned 


above. Typical photoelectric recordings of the 
responses to 5S) mM K* ions and then to 10 nM 
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melanophores in a scale of the zebrafish (Brachydanio rerio). 


Serial photomicrographs showing the effects of K*-rich saline and mammalian endothelin-1 (ET-1) on the 


A: Equilibrated in physiological saline. 


Melanosomes are completely dispersed in the cells. B, C and D: 10, 20 and 90 sec, after the application of saline 
that contained 50 mM K* ions, respectively. Rapid aggregation of melanosomes is seen. E: Equilibrated again in 
physiological saline for dispersal of melanosomes. F, G and H: 60, 150 and 300 sec, after the application of 10 nM 
ET-1, respectively. Gradual aggregation of melanosomes into perikarya is clearly seen. 200. 


ET-1 of melanophores of a zebrafish are shown in 
Figure 2 (A and B). ET-1 induced the aggregation 
of melanosomes very effectively, although the rate 
of the response was rather low. We found that, in 
some melanophores, such as the ones for which 
responses are shown in panel A of Figure 2, the 
aggregation persisted for a long time. In other 
cases, by contrast, the aggregation was gradually 
reversed as shown in panel B of the same Figure. 
However, the maximal extent of the aggregation of 
melanosomes was very high when the concentra- 
tion of ET-1 was higher than 10 nM. 

The relationship between the concentration of 


ET-1 and the extent of the aggregation of melano- 
somes is shown in Figure 3. At first, we confirmed 
the responsiveness of melanophores by applying 
K*-rich saline. After washing the scale with the 
primary saline, a solution containing ET-1 at one 
of various concentrations from 1 pM to 1 ~.M was 
applied. The sample was perfused with each 
solution for 10 min. The effect was found to be 
concentration-dependent, and the curve showing 
this relationship has a typical sigmoid shape. 
Apparent aggregation of pigment was detectable 
at the very low concentration of 100 pM, and the 
maximal level was attained at the concentration of 
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Typical photoelectric recordings showing the responses of melanophores in a scale from a zebrafish to 50 mM 


K~, 10nM ET-1, and then to 50 ~M norepinephrine (NE). A: Recording of a case in which the aggregation of 
pigment in response to ET-1 persisted for a long time. B: A case in which the aggregation was gradually reversed 


even in the presence of ET-1. 


iis T T T 


100 


80/7 


607 


40F- 


207 


smd i= 1105-9) 1-8) Tha 6 
Concentration of ET-1 (log M) 
3. Relationship between the concentration of ET-1 
and the extent of the aggregation of melanosomes 
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of measurements, a 504M solution of nor- 
epinephrine was applied for 3 min. Abscissa: con- 
centration of ET-1 (logarithmic scale). Ordinate: 
magnitude of response as a percentage of the full 
aggregation of melanosomes attained during each 
series of measurements. Each point represents a 
mean value with SE (vertical bar). The numbers of 
measurements, on scales from different animals, are 
shown in parentheses. 


1 uM. 

It should be noted that, once the aggregation of 
pigment in melanophores had occurred in response 
to ET-1, the cells usually became refractory to the 
peptide (Fig. 4). However, even after exposure to 
ET-1, the melanophores were found to retain 
normal responsiveness to other chromatophore- 
regulating substances, including norepinephrine, 
that were commonly employed to induce the 
maximal aggregation of pigment at the end of each 
series of measurements. 


Effects of ET-1 on denervated melanophores 


The effects of ET-1 on denervated melan- 
ophores were examined. Results of a typical 
series of experiments to examine the consequences 
of denervation are shown in Figure 5. In the left 
part of the Figure, the absence of responsiveness 
of the melanophores to K” ions is shown. The 
refractoriness indicated that the melanophores 
were actually denervated. When 10 nM ET-1 was 
applied, marked aggregation of melanosomes took 
place. 


Effects of several receptor antagonists 


The effects of several drugs that are known to 
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Fic. 4. Typical recording of the responses of melanophores on a scale of a zebrafish, showing the melanosome- 
aggregating action of ET-1. Note that once the aggregation of pigment had been induced by the action of ET-1, 
the cells became almost completely refractory to the peptide even though their responsiveness to other 
pigment-motor substances, including norepinephrine (NE), was unchanged, as shown in the right part of the 
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Fic. 5. Typical recording showing the effect of ET-1 on denervated melanophores of the zebrafish. The cells under 
study were confirmed as actually having been denervated by the absence of a response to an elevated 
concentration of K* ions (50 mM Kt). A solution of ET-1 was then applied, with resultant marked aggregation 
of melanosomes. The hatched part indicates the time during which the driving speed of the recording chart was 
reduced as indicated. NE: norepinephrine. 
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Fic. 6. Typical recording of the responses of melanophores of the zebrafish, showing the effect of an alpha- 
adrenolytic agent, phentolamine (Phe), on the melanosome-aggregating actions of norepinephrine and ET-1. 
While the action of norepinephrine (NE) was effectively antagonized, that of ET-1 was not affected by the 
blocker. 


interfere with the receptors on chromatophores 
that mediate the aggregation of melanosomes were 
studied. As representative of alpha-adrenolytic 
agents, phentolamine and tolazoline were tested 
for their possible inhibitory effects on the melano- 
some-aggregating action of ET-1. As shown in 
Figure 6, phentolamine did not interfere with the 


action of ET-1. Tolazoline also lacked any inhibi- 
tory effects (data not shown). 

The effect of a muscarinic cholinergic blocker, 
scopolamine, was then examined since melan- 
ophores of many siluriform catfish [15] and of a 
few cyprinids [9] are known to have cholinoceptors 
of the muscarinic type that mediate the aggrega- 
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Fic. 7. Typical recording of the responses of melanophores, showing the absence of any effect of BQ-123, an 
inhibitor of ET, receptors, on the melanosome-aggregating action of ET-1. Note the total ineffectiveness of the 


blocker. NE: norepinephrine. 
recording chart was reduced as indicated. 


tion of melanosomes. Scopolamine also had no 
effect on the action of ET-1 (data not shown). 


Effects of an ET-receptor blocker 


A recently developed blocker of mammalian 
ET, receptors, BQ-123, was examined for its 
possible effects. Contrary to our expectations, the 
blocker did not have any inhibitory effect, even at 
very high concentrations (Fig. 7). 


DISCUSSION 


Yada et al. [25] reported that ETs promote the 
proliferation and melanization of human melano- 
cytes. In the present report, we paid attention to 
the effects of this type of peptide on the motile 
activities of pigment cells and could find pigment- 
aggregating action of ET-1 for the first time. 
Namely, ET-1 at concentrations much lower than 
that we ever expected caused the aggregation of 
pigment in melanophores in preparations of skin 
excised from many of the teleost species examined. 
Since denervated melanophores responded in 
quite a similar manner to normally innervated 
cells, it seems clear that the peptide acted directly 
on the melanophores, not via an effect on the 
endocrine or nervous elements that can be found 
in the vicinity of the target cells. 

In both innervated and denervated melan- 
ophores, ET-1 at concentrations as low as 100 pM 
induced the apparent aggregation of pigment, 
while the peptide at 10nM normally induced a 
near maximal response. Thus, the action on 


melanophores seems not to be merely pharmaco- 
logical, but to have physiological relevance. It may 


The hatched part indicates the time during which the driving speed of the 


be safely proposed, therefore, that one or a few 
peptide species belonging to the ET family is 
involved in changes in integumental coloration via 
the control of chromatophores. Categorized as 
“paraneurons”, vertebrate chromatophores, in- 
cluding melanophores, are of ectodermal origin. 
Thus, we have now demonstrated the effect of ET 
on cells of an ontogenetic origin other than the 
mesoderm, from which muscle cells originate ex- 
clusively. 

Using a radioimmunoassay for ET-1, Uemura 
and her associates [24] detected an ET-like princi- 
ple in the blood plasma of a number of vertebrates, 
including two species of teleosts, namely, the 
common Japanese conger Conger myriaster and 
the carp Cyprinus carpio. As a consequence, they 
suggested the general occurrence of peptides of 
this type throughout the vertebrates. The presence 
in the blood of the principles strongly suggests that 
they are the hormonal principles. Thus, it may 
rather safely be assumed that such peptides func- 
tion in the endocrine regulation of teleostean 
chromatophores. We presume that they may be 
secreted from endothelial cells, as their original 
nomination signifies. 

Using an immunocytochemical technique, 
Kasuya et al. [16] showed that such an ET-like 
substance was detectable in the hypothalamo- 
neurohypophyseal system and in the caudal 
neurosecretory system of the medaka Oryzias 
latipes. Thus, the neurohypophysis or urophysis 
might also be the endocrine gland involved in the 
synthesis of ET-like hormone(s). These various 
observations indicate that, in lower vertebrates, 
circulating ET may function as a hormone to 
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control certain target cells that naturally include 
vascular smooth muscle cells. Now, we can add 
the chromatophores to the list of possible target 
cells for ET-related compounds in fish. In addition 
to the neurohypophysis or the urophysis, we sug- 
gest that the chromaffin cells of adrenal tissue are 
another possible site in fish of secretion of ET since 
Sawamura et al. [23] recently indicated that, in 
mammals, ETs are also produced in chromaffin 
granules of adrenal chromaffin cells. In fish, 
incidentally, adrenal chromaffin cells that corre- 
spond to those of higher vertebrates are known to 
be present in the head kidney. 

From the observations of the presence of an 
ET-like peptide in peripheral tissues of fish, 
Kasuya et al. [16] suggested that the peptide might 
function as a neurotransmitter or neuromodulator. 
Neurotransmitter substances applied extrinsically 
to a preparation of skin usually have an effect on 
chromatophores only at relatively high concentra- 
tions [3-5, 7, 14]. This observation may indicate 
that, for successful neurotransmission, rather high 
concentrations of the transmitter are needed at the 
surface of the postsynaptic membrane. It seems 
likely, therefore, that ET acts not as a neurotrans- 
mitter, but as a hormone or as a neuromodulator 
to bring about subtle adjustments of the motile 
activities of chromatophores that are under the 
coarse control of the principal pigment-motor cues 
(2p Olle 

It is also possible that ET is secreted as a local 
hormone or an autacoid to affect localized chro- 
matic changes, for example, changes in color pat- 
terns, by modulating the actions of known nervous 
and hormonal principles. In such a case, peripher- 
al chromaffin cells scattered in the dermis might be 
candidates for the secretory cells in question [19]. 
Such a mode of endocrine action can be catego- 
rized as “paracrine” secretion. 

To date, we still have no information about the 
molecular structures of ETs in fish. Given the 
much longer phylogenetic history of the class 
Osteichthyes, the diversity of their ETs should be 
even greater than that in mammals [13]. Thus, we 
can speculate that many teleostean ETs might have 
numbers and sequences of amino acids rather 
different from those of mammals because these 
two classes of vertebrates have evolved separately 


for more than 400 million years, even though they 
may initially have possessed common ancestral 
genes for ET. Nevertheless, as shown herein, 
human/porcine ET-1 acts very effectively on me- 
lanophores of many species of fish. This result 
indicates that ETs of fish may have molecular 
structures that are not so very different from those 
of mammals, notwithstanding the long history of 
divergence. In other words, ETs may be rather 
conservative peptides. Future attempts at cloning 
the genes for ETs from lower vertebrates should 
provide information about these issues. 

In teleosts, sympathetic postganglionic innerva- 
tion is primarily responsible for the aggregation of 
pigment in melanophores, and alpha-adreno- 
ceptors are involved in this process [2, 3, 6]. Ina 
few fish in the superorder Ostariophysi, to which 
zebrafish and some other species used in the 
present study belong, cholinoceptors of the mus- 
carinic type are present that also mediate the 
aggregation of pigment [4, 7, 9, 15]. However, 
neither phentolamine, an alpha adrenolytic agent, 
nor scopolamine, a muscarinic cholinolytic agent, 
interfered with the action of ET-1. Therefore, it 
can be safely stated that the action of ET-1 is 
mediated neither by receptors in these categories, 
nor is it elicited by neurotransmitters liberated 
through the stimulation by ET-1 of the nervous 
elements that control melanophores. 

The best-known hormonal agents that induce 
aggregation of pigment in melanophores are mela- 
nin-concentrating hormone (MCH) and melatonin 
[2, 6]. Effective specific antagonists for these 
principles are not yet been available. Thus, the 
possibility of the involvement of receptors for 
these hormones in the action of ET-1 cannot be 
ruled out completely. However, this possibility 
seems quite unlikely because the molecular struc- 
tures of MCH and melatonin are quite different 
from those of ETs. Another possibility is that 
ET-1 acts to release such principles from their local 
storage sites, and that they, in turn, cause aggrega- 
tion of melanosomes. Since such storage cells have 
not been shown to exist, the possibility can also be 
ruled out. 

In the present study, BQ-123, a selective antag- 
onist developed for blocking ET, receptors in 
mammals, was unexpectedly found to be com- 
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pletely ineffective in preventing the effects of 
ET-1. This may possibly be due to the fact that the 
receptors of fish have a very different molecular 
configuration from those of mammals, although 
receptors in both classes of vertebrates might have 
a common ancestor that existed more than 400 
million years ago. Incidentally, it is possible that 
the receptors in fish might more closely resemble 
the original ancestral receptors than those in mam- 
mals. In any case, a complete understanding of the 
interaction between ETs and their receptors in 
vertebrates must await future determinations of 
their respective molecular structures. 

Once it had reached a maximum, the extent of 
pigment aggregation induced by ET-1 gradually 
decreased. The phenomenon can be ascribed to 
so-called “down regulation”, although further 
studies are needed for a complete explanation of 
the sequence of events. 

With respect to the mechanism of signal trans- 
duction as it relates to the action of ET-1 on 
vascular smooth muscle cells of mammalian sys- 
tems, production of inositol 1,4,5-trisphosphate 
(IP3) by activated phospholipase C, elevation of 
the intracellular concentrations of Ca** ions, 
activation of protein kinase C, and so on, have all 
been suggested as possible factors [17]. In the 
pigment-ageregating response to norepinephrine 
of the melanophores in the Nile tilapia Orechromis 
niloticus, the involvement of the PI response has 
recently been demonstrated [8]. Therefore, it 
seems quite probable that a mechanism similar to 
that involved in the action of ET on mammalian 
smooth muscles or similar to that involved in the 
action of norepinephrine on melanophores of fish 
is Operative in the response of melanophores to 
ET-1. Studies to examine these possibilities are in 
progress. 
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ABSTRACT—The effect of ManducaFLRFamide, a neuropeptide originally isolated from the central 
nervous system of a sphingid moth, Manduca sexta, was examined on the midgut motility of another 
sphingid moth, Agrius convolvuli. The peptide was shown to suppress the spontaneous contractions of 


the isolated gut in adult Agrius at low concentrations (>10~'°M). 


Immunoreactivity against 


anti-FMRFamide antiserum was also detected in the brain-suboesophageal ganglion and the retrocereb- 
ral neurohaemal organs of the moth. These observations suggest that ManducaFLRFamide, or its 
closely-related analog, is a neuropeptide which regulates the activity of the digestive tract in Agrius. 


INTRODUCTION 


ManducaFLRFamide (pQDVVHSFLRF-NH) 
is a neuropeptide originally isolated from the 
brain-suboesophageal ganglion (SOG) of the 
tobacco hawkmoth, Manduca sexta [6]. This pep- 
tide was also found in the brain-attached neuro- 
haemal organs, corpora cadiaca and corpora allata 
(CC-CA), and has therefore been supposed to act 
as a circulating hormone. However, little is known 
about its actual target organs; the only known 
bioactivity for ManducaFLRFamide is the poten- 
tiation of the neurally-evoked contraction of the 
flight muscle of the moth [6]. In contrast, physiolo- 
gical functions of other FMRFamide-family pep- 
tides in insects, such as SchistoFLRFamide [8] and 
leucomyosuppressin [1], have been extensively in- 
vestigated. Their possible targets are not only 
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skeletal muscles [8], but also various visceral 
organs, such as the heart [8], oviduct [7] and fore- 
and hindguts[1]. These findings encouraged us to 
postulate that ManducaFLRFamide is involved in 
the regulation of visceral organs in the moth. 

Here we show that ManducaFLRFamide has a 
potent inhibitory effect on the midgut spontaneous 
contractions of the moth, Agrius convolvuli. 
Agrius is a sphingid moth closely related to Man- 
duca which has recently been established as an 
experimental insect substituting for Manduca [5]. 
We also demonstrate the FMRFamide-like 
immunoreactivity in the brain-SOG and the CC- 
CA of Agrius, suggesting that ManducaFLRF- 
amide, or a very similar peptide, may act as a 
neurohormone in the moth. 


MATERIALS AND METHODS 


Animals 


Larvae of Agrius convolvuli were reared on 
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artificial diet [6] in a constant environment 
(27°C,~=60% relative humidity, 16 hr light: 8 hr 
dark photoperiod). Adult animals 1-3 days after 
eclosion were used in experiments. They were fed 
on 25% sugar water, and kept at 25°C and 75-80% 
relative humidity with a 16 hr light: 8 hr dark cycle. 


Measurement of midgut activity 


Animals were anesthetized with CO, gas and the 
abdomen was removed. An incision was made 
along the dorsal midline and the midgut was 
carefully isolated. After removing the Malpighian 
tubules and trachea, both ends of the midgut were 
tied with thread. The gut preparation was sus- 
pended in an experimental chamber (1.2 ml) and 
continuously perfused with physiological saline at 
0.7 ml/min. The composition of the saline was 
essentially the same as Truman’s [9]; 4mM NaCl, 
40 mM KCl, 18 mM MgCh, 3 mM CaCh, 2.5 mM 
Na-phosphate buffer, 150mM glucose, pH 6.5. 
Spontaneous contractions were monitored through 
a tension transducer. Midgut activity was calcu- 
lated as the sum of the peaks in tension of contrac- 
tions recorded over a 5 min period. Peptide sam- 
ples were dissolved in the saline and perfused for 
10 min. Bioactivity of the peptide was expressed 
as a percentage of control midgut activity. 


Immunohistochemistry 


The brain-SOG and the CC-CA complex were 
fixed in 4% paraformaldehyde in phosphate- 
buffered saline (PBS; 0.15 M NaCl/0.1M _ phos- 
phate buffer, pH7.2) for 4-Shr at 4°C. After 
washing with PBS several times, the tissues were 
incubated in rabbit anti-FMRFamide antiserum 
(1:200) diluted with PBS containing 2% Triton 
X-100 and 1% bovine serum albumin for 48 hr at 
10°C. The tissues were then placed in 5% normal 
goat serum/PBS for 2 hr. The incubation with the 
rhodamine-conjugated secondary antibody (1: 
100) was for 3-4 hr at 10°C and was followed by 
several PBS washes. The tissues were then dehy- 
drated, cleared in methyl salicylate and examined 
on the light microscope. 

The specificity of the immunostaining was con- 
firmed by preabsorption experiments using 1 mM 
synthetic ManducaFLRFamide. 


Chemicals 


Anti-FMRFamide antiserum was purchased 
from Peninsula Laboratories Inc. and the rhoda- 
mine-conjugated anti-rabbit IgG antibody, from 
Kirkegaard & Perry Laboratories Inc. ManducaF- 
LRFamide and FLRFamide were synthesized us- 
ing a peptide synthesizer (Applied Biosystems 
Inc., 431A). FMRFamide, proctolin and leucopy- 
rokinin were purchased from Sigma, and 
YGGFMRFamide from Peninsula. 


RESULTS 


In the continuous-perfusion system, the isolated 
midgut preparation showed spontaneous rhythmic 
contractions for more than 12 hr, which made it 
possible to examine the bioactivity of multiple 
samples quantitatively. Using this system, it was 
shown that ManducaFLRFamide potently sup- 
pressed the midgut activity in a dose-dependent 
manner (Fig. 1). The threshold concentration was 
around 10-'°M. The complete arrest of spon- 
taneous activity was observed at 3x10 1°M or 
higher, and its duration depended on doses; for 
example, 8min and 22min at 3x10~!°M and 
10~-° M, respectively, in the preparation shown in 
Figure 1. The inhibitory effect was reversible, 
although recovery was slow. In addition to Man- 
ducaFLRFamide, three other FARFamide-related 
peptides (FaRPs), FMRFamide, FLRFamide and 
YGGFMRFamide, were also tested for their 
effects on the midgut. All the three peptides 
showed similar inhibition but were 107-10*-fold 
less potent than ManducaFLRFamide (Fig. 2). 
Proctolin and leucopyrokinin, hindgut stimulators 
in the cockroach, were also tested and found to be 
inactive even at 10~° M (data not shown). 

In order to confirm that ManducaFLRFamide or 
its counterpart is found in the central nervous 
system of Agrius, in addition to that of Manduca, 
we localized the peptide using immunohistoche- 
mical techniques with anti-FMRFamide anti- 
serum. In the whole-mount preparation of the 


brain-SOG, a number of immunoreactive neuronal 
cells were located mainly at the dorsal surface of 
the brain, i.e. the pars intercerebralis and pars 
lateralis (Fig. 3A), and at the anterior surface of 
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Fic. 1. Inhibitory effect of ManducaFLRFamide on the spontaneous contractions of Agrius midgut. Upward 


arrowheads indicate the time when the peptide solution reached the experimental chamber. 


Downward 


arrowheads indicate the time when the normal saline reached the chamber. Recovery after washout is shown to 
the right; each trace was recorded, respectively, 17 min, 25 min and 52 min after the washout had started. All the 


traces were recorded from the same preparation. 
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Dose-response relationship for ManducaFLRFamide and other FaRPs. Vertical axis, “Contraction (%)”, 


was calculated by [sum of peak tension during 5 min in the presence of peptide (5 min-10 min after the peptide 
reached the chamber)]|/[sum of peak tension during 5 min just prior to the addition of peptide] x 100. The data 


are mean+SE of 3-4 preparations. 


the SOG (Fig. 3B). On the other hand, in the 
CC-CA, no cell bodies were stained but immuno- 
reactive fibers with many varicosities were 


observed throughout the CC-CA (Fig. 3C). All 


the immunoreactivity detected was completely 
eliminated when the antiserum had been pre- 
absorbed with 1mM ManducaFLRFamide (data 
not shown). 
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Fic. 3. FMRFamide-like immunoreactivity in the brain, SOG and CC-CA of an adult Agrius. A. Frontal view of the 
dorsal part of the brain. Vertical line indicates the midline of the brain. Scale, 100 ~m. B. Anterior surface of 
the SOG. Scale, 100 zm. C. Immunoreactive fibers with many varicosities in the CA. Scale, 50 ~m. Inset. 
Frontal view of the brain and SOG. Dotted rectangles marked A and B correspond to the photographs A and B. 
Br, brain; SOG, suboesophageal ganglion; OF, oesophageal foramen. 


DISCUSSION 


We have shown that ManducaFLRFamide 
potently suppressed the spontaneous contractions 
of the midgut of Agrius with a low threshold 
concentration of 10~'°M. This is the first demon- 
stration that ManducaFLRFamide shows an effect 
not only on a skeletal muscle [6] but also on a 
visceral organ in the moth at very low concentra- 
tions. The effect was dose dependent, reversible 
and extremely potent compared to other FaRPs 
such as FMRFamide, FLRFamide and 
YGGFMRFamide, implying a physiological role 
for the peptide in Agrius. We also demonstrated 
that the FMRFamide-like immunoreactivity, 
which was eliminated by preabsorption with Man- 
ducaFLRFamide, was localized in the brain-SOG 
and the CC-CA of Agrius. The distribution pat- 
tern of the immunoreactive cells in the brain-SOG 
is similar to that in Manduca, where a number of 


FMRFamide-like immunoreactive neuronal cells 
are known to send their axons to the CC-CA [2, 3]. 
These observations, together with the fact that 
ManducaFLRFamide was originally isolated from 
the brain-SOG and the CC-CA of Manduca, sug- 
gest that Agrius also possesses ManducaFLRF- 
amide or at least its closely related peptide in 
the brain, SOG, and CC-CA. In addition, the 
observation of many varicosities in the CC-CA of 
Agrius suggest that the immunoreactive material 
might be released from these neurohaemal organs 
into the systemic circulation. In larval lepidoptera, 
it has been reported that the haemolymph level of 
FMRFamide-like immunoreactivity is increased in 
the starved animal [4]. Although the nature of this 
immunoreactivity has not been identified, it is 
possible that ManducaFLRFamide, or its counter- 
part, acts as a circulating hormone to regulate the 
activity of the digestive tract in the adult moth. 
The physiological mechanisms by which Man- 
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ducaFLRFamide and its counterparts regulate the 
digestive system throughout the life cycle of lepi- 
dopteran insects are to be clarified in further 
investigation. 
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ABSTRACT — In an effort to investigate the metabolic importance of amide amino acids glutamine and 
asparagine in the endosymbiotic system of aphids, symbiotic and aposymbiotic pea aphids, Acyrtho- 
siphon pisum, were maintained on a holidic diet, and the effects of omission of these amides from the 
diet on the aphid performance, in terms of growth and reproduction, were investigated. While omission 
of amides depressed the growth and reproduction of symbiotic aphids, the omission of glutamine 
improved the performance of aposymbiotic aphids. In the honeydew excreted by aposymbiotic aphids 
on the control diet, glutamine and asparagine were the most abundant amino acid constituents, while 
the honeydew from symbiotic aphids contained these amides only in trace amounts. In addition, 
aposymbiotic aphids excreted these amides, especially glutamine, even when kept on diets not 
containing the amides. The tissues of symbiotic and aposymbiotic aphids contained the same level of 
glutamine synthetase activity. It was suggested that: (1) amides are important nitrogen sources for 
symbiotic aphids, but not for aposymbiotic ones; (2) aposymbiotic aphids excrete amides as nitrogenous 


wastes that are reutilized by symbiotic ones. 


INTRODUCTION 


Aphids have an association with obligatory en- 
dosymbionts of either bacteria or yeast varieties. 
The bacterial symbionts of aphid are harbored by 
the mycetocyte, a cell differentiated specifically for 
this purpose. A number of functions have been 
hypothesized for symbionts: biosynthesis (i.e., 
amino acids, sterols and vitamins), energy produc- 
tion and osmoregulation [5]. These hypotheses 
have revolved around their unique feeding habit 
(i.e., intracellular within phloem tissue) and the 
nutritional deficiencies associated with their diet. 

Most nitrogen compounds that aphids obtain 
from their diet are free amino acids with grossly 
unbalanced composition [2]. The roles of sym- 
bionts in the host’s amino acid metabolism have 
been often studied by using holidic diets and 
aposymbiotic aphids, aphids from which viable 
symbionts have been depleted by experimental 
methods such as treatment with antibiotics. Tak- 
ing full advantage of these experimental techni- 
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ques, Mittler clearly demonstrated that the sym- 
bionts provide the host with several essential ami- 
no acids [11]. 

While nitrogen recycling is also hypothesized as 
a possible function of the symbionts, we do not yet 
know what is the waste product of aphid’s nitrogen 
metabolism. The honeydew of aphids, a copious 
watery secretion rich in carbohydrate, does not 
contain any of urea, uric acid, allantoin, allantoic 
acid, creatine, and creatinine, but amino acids and 
a small amount of ammonia [8]. Amino acids 
make up the bulk of nitrogenous material in the 
honeydew, and its amino acid composition is simi- 
lar to that of the plant juice ingested [1, 10]. This 
has lead one to conclude that most amino acids 
found in the honeydew are not aphid metabolic 
products, but constituents of the diet which were 
voided without being absorbed or subjected to 
metabolic manipulation. Thus, we are far from 
understanding of the nitrogen excretion of aphids. 

As described in a previous paper, we analyzed 
amino acids in the honeydew excreted by symbio- 
tic and aposymbiotic pea aphids, Acyrthosiphon 
pisum, and those in the phloem sap of young broad 
bean plants, Vicia faba on which the aphids were 
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feeding [13]. In the phloem sap, the amide amino 
acids, asparagine and glutamine, were the two 
most abundant constituents that amounted to 
approximately half of the total amino acid content. 
In the honeydew of symbiotic aphids, the relative 
level of amides was considerably lower than that in 
the honeydew of aposymbiotic aphids, suggesting 
that symbiotic aphids utilize amides more efficient- 
ly than the aposymbiotic ones. It was also prop- 
osed that the amides are nitrogenous waste pro- 
ducts of the insects, and that symbiotic aphids are 
capable of reutilizing them. 

In the present study, in an attempt to further 
clarify the functions of amides in the nutritional 
physiology and excretory metabolism of the en- 
dosymbiotic system of aphids, symbiotic and 
aposymbiotic aphids were maintained on a chemi- 
cally defined synthetic diet, and the effects of 
amide omission on the growth, reproduction and 
amino acid excretion of the aphids were analyzed. 


MATERIALS AND METHODS 


Insects 


The aphids used in the present study were 
obtained from a long-established parthenogenetic 
clone of pea aphids, Acyrthosiphon pisum (Har- 
ris). The stock culture of aphids was maintained 
on young broad bean plants, Vicia faba (L.) at 
15°C with a photoperiod of 17 hr. To minimize 
alate production in the experiments, a small num- 
ber of adults (5-10 individuals) were allowed to 
deposit nymphs for 24 hr on a plant. The parents 
were removed and the nymphs found at this time 
were considered to be 1 day old. Aposymbiotic 
aphids were obtained by rifampicin injection [6]. 
An adult aphid was anaesthetized in a stream of 
carbon dioxide and injected with 0.1 yl of rifampi- 
cin at 200 ug/ml. The F1 generation produced by 
the rifampicin-injected aphid was aposymbiotic. It 
was found that this antibiotic treatment selectively 
disrupts the bacterial endosymbionts with minimal 
effects on the host insect [7]. 


Maintenance of aphids on synthetic diet 


The constituents of the control diet were as in 
diet Al of Febvay et al. [4] except that f-alanine 
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and ornithine were omitted. The total amino acid 
concentration in this diet was 255 mM, and aspar- 
agine and glutamine were 20mM and 30mM, 
respectively. Diets in which asparagine or gluta- 
mine, or both amides were omitted from the 
control diet were designated as Diet(-Asn), 
Diet(-Gln) or Diet(-Asn, -Gln), respectively. The 
solution was filtered through 0.22 um filter and 
aseptically enclosed in stretched Parafilm mem- 
branes as described previously [15]. Aphids born 
on the plant were transferred to a synthetic diet in 
groups of 20 or 25 nymphs within 24 hr of birth and 
maintained at 15°C (17L:7D). The diet sachets 
were changed twice a week. Each experiment was 
performed with five batches, and the data were 
statistically analyzed using the paired-sample ¢- 
test. 


Amino acid analysis in the honeydew 


Drops of honeydew excreted by aphids on synth- 
etic diets were collected by washing them off the 
lower part of the cage. The samples were then 
dried in vacuo and mixed with coupling solution 
(ethanol : water : triethylamine : phenylisothiocyan- 
ate=7:1:1:lv/v). After coupling at room 
temperature for 25 min, the solution was evapo- 
rated to dryness in vacuo. The resulting pheny- 
Ithiocarbamyl amino acids were analyzed by re- 
verse phase HPLC as described previously [14]. 
The reference amino acid mixture was Type-H of 
Wako Co., supplemented with asparagine and 
glutamine. 


Determination of glutamine synthetase activity 


Glutamine synthetase activity was determined 
by measuring the formation of y- 
glutamylhydroxamate from glutamic acid and hyd- 
roxylamine [9]. Whole tissues of aphid were 
homogenized in 250 mM sucrose and 50 mM Tris- 
HCl (pH 7.2). The homogenate was centrifuged at 
10,000 g for 10 min, and the supernatant was used 
for the assay. The reaction mixture (final volume 
0.5 ml) was 100mM _ imidazole-HCl buffer (pH 
7.2) containing 25 mM 2-mercaptoethanol, 50 mM 
sodium L-glutamate (pH 7.2), 10 mM NaATP, 20 
mM MgCl, and 125mM hydroxylamine. After 
incubation at 30°C for 15 min, 0.75 ml of ferric 
chloride reagent (370 mM FeCl;, 670 mM HCl and 
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200 mM trichloroacetic acid) was added, and the 
precipitated protein was removed by centrifuga- 
tion. The absorbance of the solution at 535 nm 
was read in a spectrophotometer. A standard 
curve was prepared using commercially obtained 
y-glutamylhydroxamate. One unit of glutamine 
synthetase activity was defined as the amount of 
enzyme that catalyzed the synthesis of 1 ~mol of 
y-glutamylhydroxamate in 1 hr at 30°C. 

The protein content of the sample was deter- 
mined using the BCA protein assay reagent 
(Pierce Co.) with bovine serum albumin as stan- 
dard. 


RESULTS 

Growth and reproduction of aphids on synthetic 
diets 

Growth and reproduction of the aphids on con- 
trol diet and amide-omitted diets were summarized 
in Table 1. When the normal symbiotic aphids 
were maintained on the control diet, the first 50% 
of the population underwent final ecdysis to adult- 
hood when they were 10.6+0.6 days old. Ona 
diet from which either asparagine or glutamine was 
omitted, their development was delayed by about 
a day. When both amides were omitted simul- 
taneously, the aphids’ development was delayed 
by another day. The weights attained by the 
aphids raised on Diet(-Asn) and Diet(-Gln) were 
both about 80% of that of aphids grown on the 
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control diet. Simultaneous omission of the two 
amides resulted in a further weight reduction and a 
considerable decrease in the number of nymphs 
deposited, while individual omissions did not have 
significant effects on reproduction. 

Depletion of symbionts had potent influences on 
aphid performance. Compared with symbiotic 
aphids, aposymbiotic aphids needed a longer time 
for their development, weighed less, and deposited 
fewer nymphs. While symbiotic aphids performed 
poorer on any of amide-omitted diets than on the 
control diet as described above, the performance 
of aposymbiotic aphids was rather improved by 
amide omission. The single omission of glutamine 
improved both growth and reproduction of aposy- 
mbiotic aphids. Also on Diet(-Asn, -Gln), they 
deposited more nymphs than on the control diet. 
When asparagine was omitted independently, no 
significant effect was observed. 


Amino acid content of honeydew 


In Fig. 1, are shown the amino acid contents of 
the honeydew collected from a population consist- 
ing of 4th instar larvae and non-bearing young 
adults. In the honeydew of symbiotic aphids raised 
on the control diet, the total amount of amino 
acids excreted by an aphid per day was 3.6+1.1 
nmol (Fig. la). Arginine was the predominant 
constituent that amounted to 54.7 mol% of the 
total amino acids. Other major constituents were 
histidine, lysine and phenylalanine. The omission 


TaBLE1. The effects of amide omission on the growth and reproduction of aphids 
: : developmental time body weight reproduction 
aphid diet (days) Geen) (nymphs/ aphid) 
symbiotic control 10.6+0.6 2.00 +£0.08 22.4+0.9 
Diet (-Asn) 11.4+0.7* 1.59+0.07* 19.9+1.0 
Diet(-Gln) 11.8+0.6* 1.60+0.04* 19.9+0.9 
Diet(-Asn, -Gln) 12.8+0.9* 1.27+0.05* 14.5+0.3* 
aposymbiotic control 16.7+0.5 1.16+0.07 1.0+0.2 
Diet(-Asn) 16.2+0.1 1.24+0.02 Dee)ar(V)fo) 
Diet(-Gln) 15.6+0.4* 1.39+0.04* 4.9+0.3* 
Diet(-Asn, -Gln) 16.1+0.3 1.24+0.02 5.0+0.8* 


Experiments were conducted with five groups of 20 symbiotic aphids or 25 aposymbiotic aphids on each 


diet. 


The developmental time is the duration in days of the full development of the first 50% of the 
population, and the weight is that of 7 days old adults. 


Values are expressed as means+SE. 


* Significantly different from equivalent control value (P<0.05). 
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Amino acid excretion of pea aphids maintained on synthetic diets. Values are expressed in nmol/aphid/day 


as means +SE (n=5). (a) Symbiotic aphids on the control diet; (b) symbiotic aphids on Diet(-Asn); (c) symbiotic 
aphids on Diet(-Gln); (d) symbiotic aphids on Diet(-Asn, -Gln); (e) aposymbiotic aphids on the control diet; (f) 
aposymbiotic aphids on Diet(-Asn); (g) aposymbiotic aphids on Diet(-Gln); (h) aposymbiotic aphids on 


Diet(-Asn, -Gln). 


of either one or both amides from the diet had no 
effect on the amino acid excretion of symbiotic 
aphids (Fig. 1b-d). 

Depletion of symbionts dramatically changed 
the amino acid constituents of the honeydew. The 
honeydew of aposymbiotic aphids raised on the 
control diet (Fig. le) contained great amounts of 
glutamine and asparagine, which were 35.2 mol% 


and 22.3 mol% of the total amino acids, respec- 
tively, while symbiotic aphids scarcely excreted 
these amides (Fig. la). Other amino acids occur- 
ring in moderate amounts included arginine, 
lysine, glutamic acid, leucine, glycine, histidine, 
methionine and phenylalanine. In total, an aposy- 
mbiotic aphid excreted 10.9+4.9 nmol of amino 
acids in a day. 
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TABLE 2. 


enzyme activity 


Glutamine synthetase activity in aphid tissues 


rotein content 


: specific activit 
aphid (units/g of tissue) mg/g of tissue) (@atlainns of Brotein) 
symbiotic 115.0+13.5 69.1+3.0 1.66+0.17 
aposymbiotic 99.0+ 6.9 58.1+2.6 1.70+0.08 


One unit of glutamine synthetase activity was defined as the amount of enzyme that catalyzed the 
synthesis of 1 mol of y-glutamylhydroxamate in 1 hr at 30°C. Values are expressed as means 


+SD (n=5). 


Not only when aposymbiotic aphids were raised 
on the control diet, but when raised on diets 
without amide(s), their honeydew contained 
appreciable amounts of asparagine and glutamine. 
On Diet(-Asn), an aposymbiotic aphid excreted 
asparagine at 0.38nmol per day (Fig. If). On 
Diet(-Gln), glutamine was still the most abundant 
amino acid in the honeydew that amounted to 25.3 
mol% of the total amino acids (Fig. 1g), suggesting 
that glutamine is a major nitrogenous waste of 
aposymbiotic aphids. The excretion rates of aspar- 
agine and glutamine on Diet(-Asn, -Gln) were 
0.43 nmol/aphid/day and 0.96 nmol/aphid/day, 
respectively (Fig. 1h). 


Glutamine synthetase activity in the aphid tissue 


Amino acid analyses of the honeydew collected 
from aposymbiotic aphids suggested that they 
actively synthesized amides, especially glutamine. 
By measuring the formation of y-glutamylhydro- 
xamate, it was found that tissues of aposymbiotic 
aphids contain glutamine synthetase at 1.70+0.08 
units/mg of protein (Table 2). Although the sym- 
biotic aphids scarcely excreted glutamine, the en- 
zyme activity in their tissues (1.66+0.17 units/mg 
of protein) was the same as that in aposymbiotic 
aphids. 


DISCUSSION 


One major finding in the present study is that 
aposymbiotic aphids excrete a large amount of 
glutamine even when kept on a diet from which 
glutamine is omitted (Fig. 1g). This is the first 
report that demonstrates that a major amino acid 
found in the honeydew is a metabolic product of 
aphids, rather than a constituent of the diet they 


ingest. It is likely that ammonia, an inevitable 


waste product of the amino acid metabolism, is 
assimilated into glutamine in a reaction catalyzed 
by glutamine synthetase. While in most insects, 
excessive glutamine, thus produced, is subjected to 
the formation of uric acid [3], the aposymbiotic 
aphids may excrete glutamine without further 
manipulation. 

The present result suggested that growth and 
reproduction of aposymbiotic aphids is better on 
diets without glutamine, than on a control diet 
(Table 1). This is the result from omission of the 
particular amino acid rather than the reduction of 
total amino acid concentration. For the omission 
of asparagine did not have significant effects. In 
addition, when the aphids were kept on a diet in 
which the amino acid composition is the same as in 
the control diet but its concentration was reduced 
by 50mM, they performed equally as on the 
control diet (data not shown). It is possible that 
assimilation of ammonia into glutamine is inhi- 
bited, to some extent, by glutamine absorbed from 
the diet. 

Growth and reproduction of symbiotic aphids 
were retarded by the omission of glutamine, sug- 
gesting that glutamine is an important nitrogen 
source for them. Unlike the honeydew of aposy- 
mbiotic aphids, that of the symbiotic aphids con- 
tained little glutamine (Fig. la), while the gluta- 
mine synthetase activity in their tissues was compa- 
rable to that in aposymbiotic aphids (Table 2). 
This suggests that symbiotic aphids can fully utilize 
glutamine molecules both imbibed from the diet 
and produced through assimilation of ammonia 
resulted from the amino acid metabolism. We 
previously investigated the utilization of amide- 


nitrogen of glutamine by maintaining aphids on a 
diet containing ['°N]glutamine, and observed that: 
(1) '°N incorporation into proteins is more than 
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tenfold higher in symbiotic aphids than in aposy- 
mbiotic ones; (2) only symbiotic aphids are able to 
utilize the amide-nitrogen for the synthesis of 
so-called essential amino acids as well as non- 
essential amino acids [14]. In conjunction with 
these previous results, the present findings suggest 
that the aphids, with the aid of symbionts, reutilize 
ammonia through glutamine for the production of 
essential amino acids and subsequent protein 
synthesis. 

In addition to glutamine, asparagine was ex- 
creted as a metabolic product by aposymbiotic 
aphids (Fig. 1f). Symbiotic aphids excreted little 
asparagine (Fig. la), and the omission of aspar- 
agine from the diet depressed the aphid perform- 
ance, suggesting that asparagine is an important 
nitrogen source that the aphids are able to utilize 
efficiently. It is likely that in symbiotic aphids 
asparagine also takes part in nitrogen recycling. 

Mainly because of an increase in amide excre- 
tion, aposymbiotic aphids excreted amino acids 
approximately threefold as much as symbiotic 
ones. It is likely that aphids owe efficient utiliza- 
tion of amino acid sources to the nitrogen recycling 
by symbionts. In fact, the retention of amino 
acids, calculated from the rate of feeding and 
excretion, is significantly higher in symbiotic 
aphids than in aposymbiotic ones [14]. 

Analyzing amino acids excreted by plant-reared 
aphids, we previously found that amino acid com- 
position in honeydew changes depending on the 
age of aphids [13]. While the amide content in the 
honeydew of aposymbiotic aphids is high through- 
out their lives, that in the honeydew of symbiotic 
aphids is the lowest when they are actively produc- 
ing progeny. Nitrogen recycling through amides 
may function especially for the continuous synth- 
esis of tissue proteins during the aphid’s parth- 
enogenetic reproduction. 

The mycetocyte symbionts of cockroaches have 
been shown to utilize the uric acid reserves under 
the conditions of nitrogen shortage and release 
nitrogenous compounds, perhaps as amino acids, 
to the host [12, 16]. The differences in nitrogen 
recycling between cockroaches and aphids may be 
related to their feeding behavior. Unlike polypha- 
gous cockroaches, aphids feed exclusively on the 
phloem sap which is poor in nitrogen content. This 


may have lead aphids to evolve a more efficient 
nitrogen recycling system than that in cockroaches. 
It is equally possible that the difference is simply 
due to the difference of bacteria that the two 
insects acquired as endosymbionts. 
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ABSTRACT—Amino acid excretion of symbiotic and aposymbiotic pea aphids, Acyrthosiphon pisum 
was investigated using [e-'N]glutamine. Aphids were transferred to a synthetic diet containing 
[/°N]glutamine within 24hr after birth, and the honeydew was collected until they attained adulthood. 
While in the honeydew of symbiotic aphids the total content of '"N remained less than 1.0 atom% 
excess, that in the honeydew of aposymbiotic ones gradually increased to about 6.0 atom% excess. The 
predominant amino acid in the former was arginine whose '°N content was 0.60 atom% excess. 
Aposymbiotic aphids excreted great amounts of glutamine and asparagine, and the '°N contents of 
these amino acids were 11.01 and 2.98 atom% excess, respectively. In addition to these amino acids, 
the honeydew of aposymbiotic aphids contained an unidentified, ninhydrin positive compound that was 


highly labeled with N (6.4 atom% excess). 


This compound was identified as a mixture of 


y-glutamylglutamine and y-glutamylasparagine by analyses using NMR, MS and HPLC. 


INTRODUCTION 


Investigations of nitrogen excretion in aphids 
has centered on the occurrence of large amounts of 
amino acids in the honeydew [1,9]. The intra- 
cellular symbionts housed in the mycetocytes 
play important roles in the nitrogen metabolism of 
aphids [6], and depletion of the symbionts changes 
the amino acid composition in the honeydew [13, 
14]. While arginine is the most abundant amino 
acid in the honeydew of symbiotic aphids kept on a 
synthetic diet, the major amino acids in that of 
aposymbiotic aphids are glutamine and aspara- 
gine. Recently, we suggested that ammonia is 
detoxified primarily by assimilation into glutamic 
acid by glutamine synthetase [15]. In this study, to 
further investigate amino acid excretion in the 
endosymbiotic system of aphids, symbiotic and 
aposymbiotic pea aphids were fed on a synthetic 
diet containing [e-'°N]glutamine. 
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MATERIALS AND METHODS 


Insects 


The stock culture of aphids was maintained on 
young broad bean plants, Vicia faba (L.) at 15°C 
with a photoperiod of 17 hr. Aposymbiotic aphids 
were obtained by the rifampicin injection [7]. 


Tracer experiments with [e-!°N ]glutamine 


Synthetic diet used here was that of Febvay er al. 
[4], with a small modification as described pre- 
viously [14]. In tracer experiments with '°N, 
glutamine in the diet was replaced by [e- 
N]glutamine (95.0% '°N, Shouko Tsusho Co.). 
In this diet, '°N concentration in the total amino- 
nitrogen content was 7.6 atom% excess. Day-1 
nymphs born on the plant were transferred onto 
this diet, and the honeydew was collected until 
they attained adulthood. 

The 'N content was measured by the emission 
spectrometric analysis [8]. In brief, a sample was 
sealed into a Pyrex glass tube with CuO and CaO 
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under low pressure (below 10~“ torr). The sample 
tube was then heated at 560°C for 3 hr. During this 
period, the sample was decomposed taking the 
oxygen atom from CuO and the resulting water 
and carbon dioxide were absorbed into CaO. 
After analysis in an emission spectrometer JAS- 
CO-NIA-1, °N abundance was calculated from 
measurement of intensity ratio of the bandheads of 
14n14N 1 4NN and /N}N molecules in the ni- 
trogen emission spectra. 

To measure the total °N content in the honey- 
dew, samples of honeydew were directly sub- 
jected to analysis. To determine the SN content in 
each amino acid, the honeydew was applied to an 
ion exchange column (Dowex “X-8, 50-100 mesh) 
and the amino acids retained in the column were 
eluted with 3N NH,OH. The purified amino acids 
were then separated by two-dimensional silica gel 
TLC using the solvents, phenol: water (3:1 V/V) 
for the first dimension and n-butanol : acetic acid : 
water (4:1:1v/v) for the second dimension. On 
staining the gel with ninhydrin reagent, the central 
part of each colored spot was scraped off the plate, 
and the amino acid was extracted with 80% etha- 
nol into a Pyrex glass tube for analysis. 

Amino acid analysis of the honeydew was car- 
ried out with reverse phase HPLC as described 
previously [14]. 


Identification of y-glutamylamides 


An unidentified ninhydrin-positive spot was 
found on the two dimensional TLC of the honey- 
dew collected from aposymbiotic aphids. To 
identify this compound, amino acids in the honey- 
dew were purified on an ion-exchange column as 


described above, and were separated by two 
dimensional paper chromatography using What- 
man 3MM chromatography paper using first, 
phenol: water=3:1 (v/v) and then, n- 
butanol: acetic acid: water=12:3:5 (v/v). The 
unidentified compound was eluted from the paper 
with water in a moistened chamber, and then 
subjected to NMR, MS and HPLC analyses. 'H- 
and 3C-NMR spectra were measured on a Bruck- 
er AMX-600 spectrometer. ‘C-'H long-range 
couplings were analyzed from a HMBC (Hetero- 
nuclear Multiple Bond Correlation) spectrum [2]. 
A negative FAB (Fast Atom Bombardment) mass 


spectrum was recorded on a JEOL DX-300 mass 
spectrometer. The reverse phase HPLC was per- 
formed as described previously [14]. 

Authentic y-glutamylamides were synthesized 
by an enzymatic method using y-glutamyl- 
transpeptidase [12]. 


RESULTS 


Tracer experiments with '°N-glutamine 


Aphids were transferred to a diet containing 
[e-!°N]glutamine within 24 hr after birth, and sam- 
ples of honeydew, collected until the aphids 
attained adulthood, were analyzed by an emission 
spectrometric method. In the honeydew from 
symbiotic aphids, the total content of '°N re- 
mained less than 1.0 atom% excess for 13 days 
after birth (Fig. 1), suggesting that most N mole- 
cules were retained by the aphids. Aposymbiotic 
aphids needed longer time for their development 
than symbiotic ones, and the °N content in their 
honeydew gradually increased to about 6.0 atom% 
excess. 

Tabie 1 shows the °N contents of major amino 
acid constituents in the honeydew. Samples of 
honeydew from symbiotic and aposymbiotic 
aphids were collected from 10th through 13th day 
of birth and from 16th through 19th day of birth, 
respectively. One part of the sample was analyzed 
by HPLC, and the other was subjected to °N 
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Fic. 1. Content of '°N in the honeydew. Aphids were 


transferred onto a synthetic diet containing [e- 
'SN]glutamine, and the samples of honeydew were 
collected until they attained adulthood. 
were expressed as means of two runs.” 

O symbiotic aphids, @ aposymbiotic aphids. 


Values 
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TABLE 1. 


Content of '°N in each amino acid in the honeydew produced by the aphids 


maintained on a diet containing [e-!°N]glutamine 


> 1) 
aphid amino acid Gmolenna/aey) CES) 
symbiotic arginine 3.05 0.60 
lysine 1.06 0.20 
phenylalanine 0.99 0.39 
histidine 0.51 0.04 
aposymbiotic glutamine 3.65 11.01 
asparagine 2.03 2.98 
arginine 1.29 0.07 
lysine 1.21 0.03 
compound X — 6.40 
Values are expressed as means of two runs. 
analysis after separation by two dimensional TLC. Glu 
The honeydew of symbiotic aphids was rich in eH 
arginine, lysine, phenylalanine and histidine. Ex- crits Mia 


cept histidine, these amino acids were slightly 
labeled, and arginine was the most highly labeled 
among the three. 

In the honeydew of aposymbiotic aphids, gluta- 
mine, asparagine, arginine and lysine were abun- 
dant constituents. Unlike in the honeydew of 
symbiotic aphids, arginine and lysine were scarcely 
labeled with °N. By far the highest labeled amino 
acid was glutamine, which was probably because 
some [/°N]glutamine molecules in the diet were 
excreted without being utilized. In addition to 
glutamine, asparagine was found to be labeled. 
The honeydew of aposymbiotic aphids, but not 
symbiotic ones, contained an unidentified com- 
pound X, found as a ninhydrin positive spot on 
TLC, which was highly labeled with N. 


Identification of compound X 


Compound X purified by two dimensional paper 
chromatography was subjected to NMR, MS and 
HPLC analyses. Although X was observed as a 
single spot on both TLC and paper chromato- 
graphy, the 'H- (Fig. 2) and C-NMR spectra sug- 
gested that the purified sample was a mixture of 
two compounds in the ratio of 5:3, one consisted 
of glutaminyl and glutamyl residues and the other, 
asparaginyl and glutamyl residues. A HMBC 


spectrum of X gave °C-'H long-range couplings 
between carbonyl carbons and y-protons of glu- 
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Fic. 2. A ‘H-NMR spectrum of compound X. 


tamyl residue, suggesting that one content of the 
sample was y-glutamylglutamine and the other 
y-glutamylasparagine. The negative FAB mass 
spectrum of X gave two ion peaks at m/z 260 and 
274 which were consistent with the (M-H) ~ ions of 
y-glutamylasparagine and y-glutamylglutamine, 
respectively (Fig. 3). 

HPLC of compound X showed two peaks with 
the retention times of 7.5 min and 8.2 min (Fig. 4), 
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Fic. 4. Reverse phase HPLC of compound X. The 
sample was coupled with PITC, applied to an ODS- 
H column (4.6mm¢X25cm) equilibrated with 
0.05% triethylamine in 0.14M sodium acetate (pH 
6.35): acetonitrile (47:3 V/V), and eluted by aceto- 
nitrile up to 60% at 38°C, at a flow rate of 0.8 ml/ 
min. The effluent was monitored at 254 nm. 


12 min 


which accorded with those of authentic  7- 
glutamylasparagine and y-glutamylglutamine, re- 
spectively. The ratio of y-glutamylglutamine to 
y-glutamylasparagine in X, calculated from the 
areas of the two peaks, was about 5:3, which 
agreed with the result observed in the 'N-NMR 
spectrum. The excretion rate of y-glutamyl- 
glutamine by aposymbiotic aphids was 0.8 nmol/ 
aphid/day which corresponded to 6.7 mol% of the 
total amino acids excreted. Accordingly, the ex- 
cretion rate of y-glutamylasparagine can be about 
0.5 nmol/aphid/day. However, its direct estima- 
tion was not feasible because the retention time of 
this compound was the same as that of glutamic 
acid. 


DISCUSSION 


One major finding in the present study is that 
aposymbiotic aphids, but not symbiotic ones, ex- 
crete y-glutamylamides, which suggests that these 
are key compounds to understand amino acid 
metabolism in aphid. In a number of animal 
tissues, y-glutamylamino acids are produced by 
y-glutamyltranspeptidase in the following reaction 
[10]: 


y-Glutamyl-cysteinyl-glycine (glutathione) + 
amino acid2@ y-glutamylamino acid + 
cysteinyl-glycine 


Since in these tissues y-glutamyltranspeptidase 
is associated with cell membrane, it has been 
suggested that this reaction enables free amino 
acids to enter the cell in the form of j- 
glutamylamino acids, which later are subject to 
cleavage in the cytosol. As suggested in our 
preceding paper [15], it is likely that aphid synthe- 
sizes large amounts of glutamine and asparagine 
utilizing ammonia produced as a result of nitrogen 
metabolism. In symbiotic aphids, these two amino 
acids are absorbed, probably by the aid of y- 
glutamyltranspeptidase, by the mycetocyte, and 
then converted into other nitrogenous substances 
including essential amino acids through metabolic 
pathways of intracellular symbiont. As far as this 
process proceeds, the y-glutamylamides, once 
formed, are subject to rapid cleavage and conver- 
sion, and does not accumulate anywhere. In 
contrast, in aposymbiotic aphids, because of lack 
of conversion reactions due to symbiont, it is 
probable that y-glutamylamides, as well as gluta- 
mine and asparagine, accumulate in their myceto- 
cytes. It is conceivable that these accumulated 
compounds are apt to leak from the cell into the 
honeydew. Aside from the detailed mechanism of 
excretion of the y-glutamylamides, it is no doubt 
that without symbiont aphids cannot make use of 
these compounds that they synthesize, while they 
have membrane-associated y-glutamyltranspepti- 
dase irrespective of presence or absence of sym- 
biont (our unpublished data). 

Feeding on a diet with '°N concentration at 7.6 
atom% excess, aposymbiotic aphids excreted 
honeydew containing °N at 6.0 atom% excess. 
Thus, they retained only a small portion of N 
imbibed as glutamine from the diet. As for each 
amino acid in their honeydew, the only amino acid 
labeled, except glutamine, was asparagine. In 
view of its high '°N content, it is likely that the 
amide nitrogen is transferred directly from gluta- 
mine to aspartic acid by glutamine-dependent 
asparagine synthetase [5]. 

In the honeydew of symbiotic aphids, arginine is 
not only the predominant constituent of amino 
acids, but also the most highly labeled with °N 
from glutamine (Table 1). This result is consistent 
with the earlier proposition that this nitrogen-rich 
amino acid, with four nitrogen atoms per mole- 
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cule, serves as a carrier of nitrogen waste [3, 14]. 
While symbiotic aphids recycle most nitrogen by 
way of glutamine and asparagine, they may excrete 
its portion mainly in the form of arginine. In fact, 
it has been suggested that arginine is synthesized 
by symbiont [11, 14]. 

When these results taken together with the 
previous ones [15], movement of amino acids 
through aphid and its symbiont may be summa- 
rized as shown in Fig. 5. Ammonia produced as a 
result of nitrogen metabolism is assimilated by 
glutamic acid to form glutamine, a part of which is 
further converted into asparagine. Most of the two 
amides after conversion into various nitrogenous 
substances by enzymes of the symbiont, are reutil- 
ized by the host. In this context, the major 
constituent of amino acid in the honeydew, except 
those amino acids that flow through the gut, is a 
partial fraction of arginine that is produced by 
symbiont, but not utilized. 


Amino Acids in Diet 


Fic. 5. A model of amino acid excretion of symbiotic 
aphid. See Discussion. 


ACKNOWLEDGMENTS 


This research was supported by Grants-in-Aid for 
General Research (No. 03454020) and for Scientific 
Priority Areas, “Symbiotic Biosphere: Ecological In- 
teraction Network Promoting Coexistence of Many Spe- 
cies” (No. 04264103) from the Ministry of Education, 


Science and Culture of Japan. The research was also 
supported by the grants from Kirin Brewery Co. Ltd. 


REFERENCES 


1 Auclair JL (1963) Aphid feeding and nutrition. A 
Rev Ent 8: 439-490 

2 Bax A, Summers MF (1986) *H and °C assignment 
from sensitivity-enhanced detection of heteronuc- 
lear multiple-bond connectivity by 2D multiple 
quantum NMR. J Am Chem Soc 108: 2093-2094 

3 Cloutier C (1986) Amino acid utilization in the 
aphid Acyrthosiphon pisum infected by the para- 
sitoid Aphidius smithi. J Insect Physiol 32: 263-267 

4 Febvay G, Delobel B, Rahbe Y. (1988) Influence of 
the amino acid balance on the improvement of an 
artificial diet for a biotype of Acyrthosiphon pisum 
(Homoptera: Aphididae). Can J Zool 66: 2449-2453 

5 Horowitz B, Meister A (1972) Glutamine- 
dependent asparagine synthetase from leukemia 
cells. J Bio Chem 247: 6708-6719 

6 Houk EJ, Griffiths GW (1980) Intracellular sym- 
biotes of the Homoptera. A Rev Ent 25: 161-187 

7 Ishikawa H (1978) Intracellular symbionts as a 
major source of the ribosomal RNAs in the aphid 
mycetocytes. Biochem Biophys Res Commun 81: 
993-999 

8 Kumazawa K (1986) Advance in analytical method 
of heavy nitrogen in Japan. JARQ 20: 92-99 

9 Lamb KP (1959) Composition of the honeydew of 
the aphid Brevicoryne brassicae (L.) feeding on 
swedes (Brassica napobrassica DC). J Insect Physiol 
3: 1-13 

10 Meister A, Tate SS (1976) Glutathione and related 
y-glutamyl compounds: biosynthesis and utilization. 
A Rev Biochem 45: 559-604 

11 Mittler TE (1971) Dietary amino acid requirement 
of the aphid Myzus persicae affected by antibiotic 
uptake. J Nutr 101: 1023-1028 

12 Orlowski M, Richman PG, Meister A (1969) Isola- 
tion and properties of y-glutamylcyclotransferase 
from human brain. Biochem 8: 1046-1055 

13. Sasaki T, Aoki T, Hayashi H, Ishikawa H (1990) 
Amino acid composition of the honeydew of sym- 
biotic and aposymbiotic pea aphids Acyrthosiphon 
pisum. J Insect Physiol 36: 35-40 

14 Sasaki T, Hayashi H, Ishikawa H (1991) Growth 
and reproduction of the symbiotic and aposymbiotic 
pea aphids, Acyrthosiphon pisum maintained on 
artificial diets. J Insect Physiol 37: 749-756 

15 Sasaki T, Ishikawa H Nitrogen recycling in the 
endosymbiotic system of the pea aphid, Acyrtho- 
siphon pisum. Zool Sci 10: 779-785 


ZOOLOGICAL SCIENCE 10: 793-802 (1993) © 1993 Zoological Society of Japan 


Effects of Exogastrula-Inducing Peptides on Cell Proliferation 
in Embryos of the Sea Urchin Anthocidaris crassispina 


YosHIAKI Fusita!, SHIN-ICHI IGARASHI!, HIROSUKE FUJISAWA’, 
Kyo Yamasu!, TaKASHI Suyemitsu! 


and KaTsuTosHI IsHIHARA!* 


"Department of Regulation Biology, Faculty of Science, and 
Department of Biology, Faculty of Education, 
Saitama University, Urawa 338, Japan 


ABSTRACT—The effects were examined of exogastrula-inducing peptides (EGIPs), found in embryos 
of the sea urchin Anthocidaris crassispina and known to be homologous to EGF, on cell proliferation in 
restricted areas of embryos at the early stages of development. Blastomeres of embryos were 
mechanically separated into macromeres and mesomeres at the 16-cell stage. Although the number of 
isolated blastomeres increased linearly in the culture system in vitro, EGIPs inhibited or retarded the 
division of macromeres during the period between 16 hr and 20hr after fertilization, which corre- 
sponded to the times of gastrulation in normal embryos, but they did not affect the division of 
mesomeres. These differences in the proliferation of blastomeres were confirmed immunohistochemi- 
cally with a BrdU-specific antibody on whole embryos. Furthermore, the distribution of the 
cytoskeleton in embryos during early development was examined with a tubulin-specific antibody for 
microtubules and with NBD-phallacidin for microfilaments. We found local differences in the 
distribution of cytoskeletal elements of a normal embryo, as well as differences between normal and 
EGIPs-treated embryos. These results suggest that EGIPs inhibit or retard the division of the progeny 
of macromeres, namely, the blastomeres of the vegetal-plate area, via a disturbance in the development 


of the cytoskeleton at the early gastrula stage, leading to exogastrulation. 


INTRODUCTION 


Exogastrula-inducing peptides (EGIPs) have 
been found in embryos of the sea urchin Anthoci- 
daris crassispina as intrinsic factors that affect 
morphogenesis of the embryos. EGIPs induce the 
extrusion of the archenteron, which is very differ- 
ent from the invagination of normal embryos and 
exogastrulation results when EGIPs are present 
outside the embryos [7, 13]. Four EGIPs have 
been purified from mesenchyme blastulae of the 
sea urchin and named peptides A, B, C and D [13]. 
The complete amino acid sequences of these pep- 
tides and the positions of the disulfide bonds in 
EGIP-D have been determined [13-16]. It 
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appears that EGIPs are homologous to epidermal 
growth factor (EGF) [1], as indicated by the 
similarities in terms of amino acid sequence and 
positions of disulfide bonds between EGIPs and 
EGF. Therefore, it seems possible that EGIPs 
may regulate the proliferation of cells in sea urchin 
embryos. Stephen et al. [12], using aphidicolin, an 
inhibitor of DNA synthesis and cell division, found 
that the proliferation of cells from the vegetal- 
plate stage onward is not a prerequisite for gas- 
trulation of embryos of the sea urchin, Lytechinus 
pictus. However, inhibition of cell division before 
the vegetal-plate stage fails to induce gastrulation. 
Nislow and Morrill [10] reported that localized 
proliferation of cells occurs in the vegetal-plate 
region prior to invagination of embryos of the sea 
urchin, Lytechinus variegatus. These reports sug- 
gest the importance of the proliferation of cells in 
the vegetal-plate region before the vegetal-plate 
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stage in L. pictus and before or early gastrulation 
in L. variegatus for gastrulation of embryos. 

In the present study, we examined the effects of 
EGIPs on the proliferation of cells in whole 
embryos and of separated mesomeres and macro- 
meres by counting nuclei that stained with Hoechst 
dye. We pulse-labeled EGIPs-treated embryos 
and normal embryos with 5-bromodeoxyuridine 
(BrdU) and stained cells in S phase using a BrdU- 
specific antibody to compare regional differences 
in cell division between normal and EGIPs-treated 
embryos. Furthermore, we also examined the 
effects of EGIPs on microtubules and microfila- 
ments since the cytoskeleton plays a key role in cell 
division. 

Our results suggest the importance of the prolif- 
eration of the macromeres or blastomeres in the 
vegetal hemisphere for normal gastrulation since 
EGIPs suppressed the division of macromeres and 
of cells in the vegetal hemisphere of intact 
embryos, with resultant exogastrulation. 


MATERIALS AND METHODS 


Separation and culture of blastomeres 


Gametes of Anthocidaris crassispina and 
Pseudocentrotus depressus were obtained by injec- 
tion of 0.5 M KCI into the coelom. Blastomeres 
were isolated by the method of Livingston and 
Wilt [9]. In order to facilitate later separation of 
individual blastomeres, fertilization membranes 
were removed mechanically by passing the newly 
fertilized eggs through a small-bore pipette [6]. 
After washing with normal seawater (SW), the 
membrane-free embryos were allowed to settle. 
They were then resuspended in Ca?*-free SW and 
cultured with gentle stirring in Ca’*-free SW. At 
the 16-cell stage under the Ca?*-free conditions, 
the embryos dissociated spontaneously into two 
different types of blastomere pair: mesomere/ 
mesomere pairs and macromere/micromere pairs. 
These dissociated blastomeres were placed in 
Ca**-free SW in a dish coated with 1.2% agarose. 
Single macromeres were separated from micro- 


meres by passing macromere/micromere pairs 
several times through a micropipette. The macro- 
meres and the mesomere pairs were separately 


transferred to agarose-coated dishes using a micro- 
pipette and cultured in Jamalin SW (Jamalin 
Laboratory, Osaka) at 24°C with or without EGIP- 
D and a crude fraction of EGIPs that has been 
prepared by chromatography on DEAE-cellulose 
and Sephadex G-100 [13] at concentrations equiva- 
lent to 5 and 50 g/ml, respectively. At these 
concentrations, EGIP-D and the crude EGIPs 
were sufficient to induce exogastrulation of 90% of 
embryos, as described previously [13]. 


Determination of cell number 


To determine the number of cells in embryos 
and in cultured embryoids, nuclear DNA was 
stained with Hoechst 33258 (Calbiochem Corp., 
La Jolla, CA, U.S.A.). Embryos or embryoids 
were placed in a drop of SW that contained 0.02% 
Triton X-100 and 2 ug/ml Hoechst 33258 on a 
polylysine-coated slide in a moist chamber. Fif- 
teen min later, embryos or embryoids were 
squashed with a coverglass to facilitate obsevation 
of nuclei. The number of cells per embryo or 
embryoid was estimated by counting nuclei under 
a fluorescence microscope (EFD2;, Nikon, 
Tokyo). 


Detection of cells in S phase 


Embryos were pulse-labeled with 5-bromo- 
deoxyuridine (BrdU) (Wako Pure Chemicals, 
Osaka) which was then detected immunohistoche- 
mically by the method of Tanaka [17] with slight 
modifications. BrdU was added to each suspen- 
sion of embryos at the mesenchyme-blastula stage, 
at the early gastrula stage, and at the late gastrula 
stage at a final concentration of 50 ~M. Ten min 
after the start of incubation with BrdU, the 
embryos were washed twice with SW to remove 
the label. Embryos were fixed with 4% formalin in 
SW at room temperature for 30 min, and then they 
were placed on polylysine-coated slides. After 
three washes with phosphate-buffered saline 
(PBS), pH 8.2, the embryos were transferred in 2 
N HCI and incubated for 30 min at 37°C to dena- 
ture DNA. After three more washes with PBS, 15 
wl of a solution of BrdU-specific antibody (Becton- 
Dickinson Immunocytometry Systems, San Jose, 
CA, U.S.A.) and 35 ul of 0.01% Triton X-100 in 
PBS were added to embryos, which were then 


Effects of EGIPs on Cell Proliferation 795 


allowed to stand for 1hr at 37°C. After three 
washes of embryos with PBS, 60 wl of a solution of 
fluorescein-conjugated antibodies, raised in goat 
against mouse IgG (1:50 dilution; Becton- 
Dickinson Immunocytometry Systems, San Jose, 
CA, U.S.A.), were added to embryos, which were 
incubated for another hour at 37°C. After washing 
with PBS, embryos were observed under a 
fluorescence microscope. 


Immunofluorescence staining of microtubules 


Embryos were fixed in ice-cold 90% methanol 
that contained 50 mM EGTA (pH 6.8) for 1 min 
and then they were placed on polylysine-coated 
slides. After three washes with PBS, 40 ul of a 
solution of antibody against @-tubulin (1 :500 dilu- 
tion; Amersham International plc., Little Chal- 
font, Bucks., U.K.) were added to embryos, which 
were allowed to stand for 30 min at room tempera- 
ture. After three washes with PBS, 40 wl of a 
solution of fluorescein isothiocyanate-conjugated 
(FITC-conjugated) antibodies raised in goat 
against mouse IgG (1:500 dilution; Cappel, Mal- 
vern, PA, U.S.A.) were added to embryos, with 
further incubation for 30 min at room tempera- 
ture. After three washes with PBS, embryos were 
observed under a fluorescence microscope. 

For preparation of sections, fixed embryos were 
embedded in O.C.T. compound (Miles Inc., 
Elkhart, IN, U.S.A.) and frozen in a deep freezer 
at —20°C. The embryos were cut at 14 um ona 
cryostat (Reichert-Jung, Nussloch, F.R.G.) and 
mounted on polylysine-coated slides. After in- 
cubation of slides in 0.5% Triton X-100 for 15 min, 
immunofluorescence staining was performed as 
described above. 


Staining with NBD-phallacidin 


Microfilaments were stained by the method of 
Katow [8] with slight modifications. Embryos were 
placed on polylysine-coated slides and treated with 
NBD-phallacidin (Wako Pure Chemicals, Osaka) 
that has been diluted to 1:15 with permeabiliza- 
tion solution, which was composed of 10mM 
EGTA, 0.2 mM dithiothreitol, 0.5% Triton X-100 
in 25mM 2-(N-morpholino)ethanesulfonic acid 
(Mes; pH 6.7; Dojindo Laboratories, Kumamoto) 
for 15 min without fixation. After three washes 


with PBS, the specimens were observed under a 
fluorescence microscope. 


RESULTS 


The effects of EGIPs on cell division 


The effects of EGIPs on the proliferation of cells 
at the early stages of embryonic developement 
were examined in embryos reared in SW with or 
without a crude preparation of EGIPs. Total 
numbers of cells were counted at various develop- 
mental stages by counting nuclei that has been 
stained with Hoechst dye (Fig. 1). There was no 
significant difference in terms of numbers of cells 
in whole embryos between non-treated control and 
EGIPs-treated embryos during the early develop- 
ment of embryos (P>0.05). This result suggests 
that EGIPs do not affect the numbers of cells in 
whole embryos. However, we cannot exclude the 
possibility that EGIPs might affect the prolifera- 
tion of certain restricted blastomeres in the 
embryos. 

Isolated blastomeres were cultured separately in 
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Effects of EGIPs on the proliferation of cells in 
Anthocidaris crassispina embryos 


were cultured in the presence (©) or absence (@) of 
50 wg/ml EGIPs at 20°C, and total cells were 
counted by counting the number of nuclei that 
stained with Hoechst 33258 in the developing 
embryos at various stages. Bars indicate the stand- 
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Fic. 2. Effects of EGIPs on the proliferation of isolated 


blastomeres of Anthocidaris crassispina embryos. 
Isolated macromeres (A) and mesomere pairs (B) 
were cultured separately in the presence (©) or 
absence (@) of 50 ug/ml EGIPs at 24°C, and cells 
were counted as described in the legend to Fig. 1. 
Bars indicate standard errors (n= 10-24). 


SW with or without EGIPs and the cells were 
counted by the same method as used for intact 
embryos (Fig. 2). Cells were counted at the times 
at which intact normal embryos that has been 
fertilized at the same time reached the mesen- 
chyme-blastula stage (12 hr), the early gastrula 
stage (16 hr), the late gastrula stage (20 hr) and the 
pluteus stage (30 hr). 

As shown in Figure 2A, macromeres in the 
absence of EGIPs divided at a constant rate, 
doubling in number during the period between 12 
hr and 20 hr after fertilization, an indication that 
all macromeres divided once during this period. 
By contrast, EGIPs-treated macromeres divided 
normally until 12 hr after fertilization but increases 
in cell numbers were significantly reduced both at 


16 hr and at 20 hr after fertilization (P<0.05), an 
indication that some macromeres did not cleave or 
that the cleavage of all macromeres was retarded 
to some extent during this period. However, the 
numbers of EGIPs-treated macromeres reached 
normal values by 30 hr after fertilization (Fig. 2A). 
The period during which EGIPs supressed the 
division of macromeres corresponded to the time 
at which normal embryos began to gastrulate in the 
absence of exogenous EGIPs and to the time 
between the inhibition of gastrulation and the 
induction of delayed exogastrulation when EGIPs 
were added exogenously to embryos. By contrast, 
there was no difference in rates of cell proliferation 
between non-treated and EGIPs-treated meso- 
mere pairs, as shown in Figure 2B. When pure 
EGIP-D was used in these experiments, the same 
results as those of the crude EGIPs were also 
obtained. 

These results show that EGIPs inhibit prolifera- 
tion restrictively, acting only on macromeres, and 
transiently, at the time that corresponds to the 
gastrula stage of normal embryos, but they do not 
affect the proliferation of mesomeres. 


The effects of EGIPs on DNA synthesis in embryos 


The results described above suggest that EGIPs 
affect the proliferation of macromeres in vitro. 
Therefore, it is important to examine whether 
EGIPs have effects in vivo on the division of 
macromeres in embryos via, for example, DNA 
synthesis or changes in the cytoskeleton. First, we 
investigated the effects of EGIPs on DNA synth- 
esis in embryos at various developmental stages by 
immunostaining with a BrdU-specific antibody. 

In normal embryos at the mesenchyme-blastula 
stage, cells at S phase were distributed uniformly 
over entire embryos (Fig. 3A). However, at the 
early gastrula stage, the number of such cells in the 
vegetal hemisphere (81.2+8.3, mean+S.E., n= 
5) was larger numbers than that in the animal 
hemisphere (47.2+7.0, mean+S.E., n=5) (Fig. 
3C). They were distributed uniformly again over 
the entire embryo at the late gastrula stage (Fig. 
318). 

In EGIPs-treated embryos, cells at S phase were 
observed to be uniformly distributed over all re- 
gions of embryos at all stages examined but normal 
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Fic. 3. Effect of EGIPs on DNA synthesis in embryos. Normal embryos (A, C, E) and EGIPs-treated embryos (B, 
D, F) of Anthocidaris crassispina were pulse-labeled with BrdU at various Stages of development and 
immunofiuorescence staining was performed 10 min after labeling with BrdU-specific antibody. S phase nuclei 
appear as white spots in the photographs. A and B, Embryos at the mesenchyme-blastula stage; C and D, 
embryos at the early gastrula stage; E and F, embryos at the late’ gastrula stage. Scale bar=50 um. 
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invagination was not observed in such embryos observed in EGIPs-treated embryos at the time at 
(Fig. 3B, D and F). The localized distribution of | which normal embryos developed to the early 
cells in S phase in the vegetal hemisphere was not gastrula stage (animal hemisphere=61.8+6.6; 


Fic. 4. Immunohistochemical staining of microtubules of embryos of Anthocidaris crassispina. Normal embryos at 
the 2-cell stage were stained with antibody specific for a-tubulin to confirm its specifity. Specific staining of the 
mitotic apparatus can be seen in A and B. Normal embryos (C, E) and EGIPs-treated embryos (D, F) at the early 
gastrula stage were immunostained with the same antibody. C and D, Whole mounts; Eand F, sections. Scale bar 
=50 em. 
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vegetal hemisphere=63.8+7.2, mean+S.E.,n= — embryos at the early gastrula stage. EGIPs appear 
4). These results suggest that local proliferation of to suppress this proliferation and the formation of 
cells occurs in the vegetal hemisphere of normal _ the archenteron. 


Fic. 5. Staining of microfilaments in embryos of Pseudocentrotus depressus. Normal embryos at the cleavage stage 
were stained with NBD-phallacidin to confirm the specifity of staining. Specific staining of the contractile ring can 
be seen in A and B. Normal embryos (C, E) and EGIPs-treated embryos (D, F) at the early gastrula stage were 


stained by the same procedure. Scale bar=50 um. 


800 Y. Funra, S. IGARASHI et al. 


The fact that the proliferation of separated 
macromeres was inhibited by EGIPs in culture in 
vitro reflects the effects of EGIPs on DNA synthe- 
sis in embryos since the vegetal hemisphere of 
embryos is composed of descendants of macro- 
meres. 


The effects of EGIPs on the cytoskeleton 


Since cell proliferation and DNA synthesis are 
affected by EGIPs, the cytoskeleton might also be 
affected by EGIPs because the cytoskeleton plays 
a key role in cell division. Therefore, we examined 
the effects of EGIPs on the behavior of microtu- 
bules and microfilaments. 

a) Microtubules 

The distribution of microtubules in normal 
embryos and EGIPs-treated embryos was ex- 
amined by immunostaining with an antibody that 
was specific for a-tublin. The staining of sections 
of normal embryos at the early cleavage stage 
resulted in specific staining of the mitotic appara- 
tus, confirming the specificity of this antibody for 
microtubules (Fig. 4A and B). 

In whole embryos at the early gastrula stage, the 
vegetal hemisphere was more strongly stained than 
the animal hemisphere and the apical side of the 
invaginating archenteron was more heavily stained 
in sections of embryos (Fig. 4C and E). EGIPs- 
treated embryos, examined at the time at which 
normal embryos developed to the early gastrula 
stage, were compared with normal embryos. The 
staining was weak in entire regions of treated 
embryos and no strong staining of cells in the 
vegetal hemisphere was apparent in EGIPs-treated 
embryos (Fig. 4D and F). These results suggest 
that EGIPs affect microtubules at the early gastru- 
la stage and disturb the normal development of 
microtubules including spindles in the vegetal 
hemisphere of the embryos. 

b) Microfilaments 

Pseudocentrotus depressus embryos, in which 

exogastrulation were induced by EGIPs, were 


used as materials. The effects of EGIPs on the 


distribution of microfilaments were examined with 
NBD-phallacidin. When whole mounts of 2-cell 
embryos were stained with NBD-phallacidin, the 
contractile ring was stained specifically. This result 
confirmed the specificity of phallacidin for polyme- 


rized microfilaments (Fig. SA and B). 

In normal embryos at the early gastrula stage, 
phallacidin bound to the margins of cells, and the 
fluorescence of NBD was very intense in the 
vegetal hemisphere (Fig. 5C and E). In EGIPs- 
treated embryos at the time corresponding to the 
early gastrula stage of normal embryos, staining 
was weak over the entire embryo and only limited 
staining of the vegetal hemisphere was apparent 
(Fig. SD and F). This result suggests that EGIPs 
affect the distribution of microfilaments at the 
early gastrula stage. 

The mitotic apparatus and microfilaments at 
various stages other than the early gastrula stage 
appeared not to be affected by EGIPs (data not 
shown). 


DISCUSSION 


The purpose of the present study was to obtain 
the clues to the mechanism responsible for normal 
gastrulation, by studying the mechanism of induc- 
tion of exogastrulation which is evoked when 
EGIPs are added exogeneously to the sea urchin 
embryos. 

In our present study, we examined the effects of 
EGIPs on the proliferation of cells in whole 
embryos and of separated blastomeres by counting 
nuclei stained with Hoechst dye. Furthermore, we 
also examined regional differences in cell division 
between normal and EGIPs-treated embryos by 
pulse-labelling embryos with BrdU and detecting 
cells in S phase. We found that EGIPs suppress 
the proliferation of separated macromeres tran- 
siently, at the time that corresponds to the early 
gastrula stage of normal embryos. These results 
seem to be correspondence with those obtained by 
labelling experiments that locally enhanced prolif- 
eration of cells occurs in the vegetal hemisphere of 
normal embryos at the early gastrula stage and that 
EGIPs suppress the localized proliferation of cells 
at the early gastrula stage. 

Macromeres participate in formations of the 
vegetal plate and a part of ectoderm, and a vegetal 
half of macromeres contributes to the formation of 
the vegetal plate. However, in the present study, it 
is very difficult to distinguish how many and which 
macromeres participate in formation of the vegetal 
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plate. The numbers of cells that participate in 
formation of the vegetal plate occupy about 13% 
of blastomeres at the 60-cellstage [2, 11]. Furthr- 
emore, the vegetal plate cells could occupy only 
below 10% of total blastomeres following cleav- 
ages, because division of the cells that participate 
in formation of the vegetal plate were suppressed 
by EGIPs, as shown in Figure 3D. These low 
percentages of each founder cell might be a reason 
why the effects of EGIPs on cell proliferation 
could be detected only in a separated culture of 
isolated blastomeres. 

Nislow and Morrill [10] proposed that two 
mechanisms are at work during gastrulation: re- 
gionalized proliferation of cells occurs during the 
early stage (before invagination of Lytechinus 
variegatus) of gastrulation and is followed by rear- 
rangement of cells during secondary elongation of 
archenteron, as demonstrated by Ettensohn [3], 
Hardin and Cheng [4] and Hardin [5]. This 
regional cell proliferation seems to occur with 
different timings depending on species. Stephen et 
al. [12] used aphidicolin to inhibit the cell division 
before the vegetal plate stage led to the arrest of 
gastrulation in embryos of Lytechinus pictus. In 
the present study with A. crassispina, localized 
proliferation of cells in vegetal hemisphere was 
observed at the early gastrula stage and was essen- 
tial for normal gastrulation because the inhibition 
of cell division by EGIPs was effective to induce 
exogastrulation. 

The development of EGIPs-treated embryos 
proceeds in a similar manner to and simultaneous- 
ly with that of normal embryos as far as the 
blastula stage. However, EGIPs-treated embryos 
appear to “hesitate” to invaginate at the stage 
when normal embryos initiate their invagination, 
the treated embryos at the late blastula stage swell 
and the swollen state persists for several hours 
while control embryos in normal SW almost com- 
plete their gastrulation [7]. Then the treated 


embryos exogastrulate some time after the gas- 
trulation of normal embryos. The delay in the 
morphogenetic movement of the vegetal-plate in 
the EGIPs-treated embryos seems to correspond 
to the period during which EGIPs suppress the 
proliferation of cells in vegetal hemisphere. These 
observations suggest that this proliferation of cells 


is essential for gastrulation. 

This suggestion is supported by our observations 
of the cytoskeleton from the blastula stage to the 
early gastrula stage. Immunohistochemical stain- 
ing of the cytoskeleton indicated that development 
of microtubules was more active in the vegetal area 
than in the animal-pole area in normal (control) 
embryos at the early stage of gastrulation, whereas 
EGIPs suppressed this enhanced activity of micro- 
tubules. The staining with NBD-phallacidin 
showed a stronger staining at the vegetal hemis- 
phere and supression with EGIPs. Therefore, it 
seems to be conceivable that the transient prolif- 
eration of cells occurs as a result of active forma- 
tion of the cytoskelton in the vegetal hemisphere at 
the early stage of gastrulation and that exogenous 
EGIPs inhibit such proliferation of cells by disturb- 
ing the development of the cytoskeleton. 

These effects of EGIPs must be mediated by 
receptors in surface membranes since, in an assay 
in vitro, EGIPs from sea urchins did not affect the 
polymerization of purified tubulin from porcine 
brain or of purified actin from rabbit striated 
muscle (unpublished data). Therefore, it is now 
important to elucidate the localization and stage- 
specificity of receptors or binding proteins for 
EGIPs, especially on macromeres, during the de- 
velopment of sea urchin embryos. 
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The Effects of Thyroxine and Propylthiouracil Treatment on 
Changes in Body Form Associated with a Possible 
Developmental Thyroxine Surge During 
Post-hatching Development of the 
Tilapia, Oreochromis mossambicus 
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Department of Zoology and Hawaii Institute of Marine Biology, 
University of Hawaii, Honolulu, Hawaii 96822, USA 


ABSTRACT — In tilapia, Oreochromis mossambicus, a surge in thyroxine (T4) begins near the time of 
complete yolk absorption (10 days after hatching). We were interested in examining the effects of 
physiological changes in T, on growth and body morphology of this species. To this end, starting 3 days 
after hatching, larvae were immersed in propylthiouracil (PTU, 50 ppm) or in physiological doses of T, 
(2.0, 5.0 and 20 ng/ml of aquarium water). Whole-body thyroid hormone levels and morphometric 
parameters were determined throughout the first 38 days after hatching. Thyroxine content was 
significantly increased in larvae exposed to 5.0 or 20 ng/ml T, compared with controls, with the highest 
levels observed during the time of the natural T, peak (day 10-28 posthatch). By contrast, T, content 
was significantly decreased in PTU-treated larvae at this time. These results indicate a role of the 
thyroid for the T, surge. The T; content of larvae exposed to 20 ng/ml T, was significantly increased 
compared with controls. Exposure to T, significantly altered body proportions. Both the anal depth to 
standard length ratio and body area of larvae were significantly increased by 20 ng/ml T, treatment and 
decreased by PTU treatment. This suggests a role of the T, surge in the metamorphosis from a slender, 
elongated body form to a deep-bodied juvenile form. There were no observed effects of hormone 
treatment on other morphological features that were examined including body weight, standard length, 
and the rate of yolk-sac absorption. 


been identified in several teleost species [2, 8, 20]. 


INTRODUCTION 


Thyroid hormones are well established as con- 
trolling factors in vertebrate morphogenesis and 
metamorphosis. A common feature preceding 
many of these metamorphic events is a surge in 
thyroxine (T,). In teleost fishes, Ty surges have 
been correlated with salmon smoltification [5] and, 
more recently, flounder metamorphosis [4, 14, 22, 
24]. 

Thyroid hormone surges occurring near the time 
of complete yolk-sac absorption have recently 
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The nature and physiological significance of these 
increases in thyroid hormone have been the focus 
of much speculation. Kobuke et al. [8] were the 
first to identify such an increase in whole-body T4 
concentration in coho salmon. Shortly thereafter, 
similar increases in whole-body T, concentrations 
were reported for striped bass [2], chum and 
chinook salmon [6, 20], and in whole-body 
triiodothyronine (T3) concentrations for striped 
bass [2], coho and chum salmon [6, 21]. The cause 
of these increases in thyroid hormone have been 
attributed to the onset of thyroxinogenesis and to 
stores of thyroid hormone in the yolk [2, 6]. 
Whatever their source, these increases in thyroid 
hormone. have been correlated with rises in the 
growth rate and the feeding rate [8, 20]; however, 
no morphological changes have been described. 
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Recently, a Ty peak starting near the completion 
of yolk absorption (10 days after hatching) was 
observed in the tilapia (Oreochromis mossambi- 
cus) [16, 18]. Reddy et al. [18] correlated this T, 
surge with an increase in larval growth rate and the 
onset of feeding and free-swimming behavior. 
Furthermore, Reddy et al. [17] demonstrated that 
the growth rate and the onset of swimming be- 
havior can be accelerated by exogenous thyroid 
hormone treatment at this time. In tilapia larvae, 
thyroid hormone treatment has also been shown to 
affect fin differentiation as well as growth, body 
pigmentation and silvering, and epidermal thick- 
ening [9, 10, 15, 17]. In addition, treatment of 
milkfish (Chanos chanos) and red sea bream (Pag- 
rus major) postlarvae with T, has been shown to 
accelerate the transition to the juvenile form [7, 
fo 

The preceding studies demonstrate that thyroid 
hormone surges occur near the time of complete 
yolk-sac absorption in several teleost species, in- 
cluding tilapia, and that the larvae are responsive 
to exogenous thyroid hormone treatment at this 
time. It has yet to be demonstrated whether this 
T, surge is involved in the metamorphosis of this 
species, which we define as a transition in body 
form from a slender, elongated larvae to a shorter, 
deep-bodied juvenile. To examine this possibility, 
we manipulated T, levels at the time they normally 
rise when yolk absorption is nearly complete. This 
was accomplished through exogenous treatment 
with T, or propylthiouracil (PTU), an antithyroid 
drug. Changes in body morphology indicative of 
the larval to juvenile transition were examined. 


MATERIALS AND METHODS 


Thyroid hormone profiles during post-hatching de- 
velopment 


Four clutches of fertilized eggs (expected to 
hatch within 24 hr), ranging in size from 400-500 
eggs per clutch, were collected from mouth- 
brooding females maintained in a freshwater tank 
at the Hawaii Institute of Marine Biology of the 
University of Hawaii, Oahu. Each clutch was 
placed in a circular, 10 liter plastic tank maintained 
at 27.0+0.5°C and exposed to a 14:10 light-dark 


cycle. Larvae were fed ground Tetra Min Flake 
food to satiety twice a day starting 8 days after 
hatching, which was 2 days prior to complete yolk 
absorption. Water in the tank was renewed daily 
with water from a holding tank maintained at the 
same temperature. Five to twenty larvae per 
clutch were sampled at intervals during 0-38 days 
after hatching. Larvae were weighed before stor- 
ing at —80°C for subsequent thyroid hormone 
analyses. 


Effects of Ty and PTU treatment on thyroid hor- 
mone concentration, growth, and body morpholo- 
gy in larvae 


Six to eight clutches of fertilized tilapia eggs 
were collected and incubated together in a hatch- 
ing tank. Clutches of eggs that hatched within 24 
hr of one another were pooled and randomly 
distributed into 5 groups of 300 larvae each. Each 
group was placed into a 10 liter tank containing 
water with either no added T, or PTU (control), Ty 
at concentrations of 2.0, 5.0, or 20ng/ml of 
aquaria water, or PTU at a dose of 50 ppm. The 
range of T4 doses chosen in this study were based 
on the T, content of larvae in the previous experi- 
ment, with the highest T, dose being approximate- 
ly 8 times higher than peak endogenous Ty, levels 
(assuming ng/ml=ng/g). A Ty stock solution was 
prepared by adding 1.0 mg of thyroxine sodium 
salt (Sigma, St. Louis, MO) to 100 ml of distilled 
water. One drop of 10 N NaOH was added to the 
solution (to facilitate hormone solubility) and stir- 
red for 10 min. Volumes of 0.6, 1.5 and 6.0 ml of 
this stock solution were diluted in 3 liters of tap 
water to give the final T, concentrations of 2.0, 5.0 
and 20 ng/ml in the aquarium water, respectively. 
The PTU medium was prepared by dissolving 150 
mg of PTU (Sigma) in 3 liters of tap water. 
Thyroxine and PTU were renewed daily following 
a complete water change to maintain the hormone 
levels in the tank water. To ascertain T, levels in 
tanks, water samples were taken from untreated 
and T,4-treated tanks immediately following addi- 
tion of T, to the tank water and again prior to 
water change 24 hr later (Table 1). The calculated, 
not actual, T, concentrations are shown in the 
figure legends. Hormone treatment was initiated 3 
days after hatching and continued to the end of the 
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Larvae were maintained under environ- 
mental conditions and feeding schedules similar to 
those described above. Five to twenty larvae per 
treatment were sampled at intervals during 2-38 
days after hatching. Larvae were measured and 
weighed before storing at —80°C for thyroid hor- 
mone analyses. The study was repeated for a total 
of four trials. 


study. 


Thyroid hormone extraction 


Thyroid hormones contained in frozen larvae 
were extracted following the methods described by 
Tagawa and Hirano [20] and Weber et al. [25], 
except that 95% ethanol was substituted for 
methanol in the extraction solution. Extraction 
efficiency based on recovery of radiolabeled T; 
tracer was 86.1+0.50% (mean+SE). 


T, and T; radioimmunoassay 


Thyroid hormones in larval tilapia were quan- 
tified using methods described by Brown and Eales 
[3] and Weber er al. [25], but with the following 
modifications: 

1. Disposable polyethylene filter columns (QS- 
24 G-25 sephadex columns, Isolab Inc., Akron, 
OH) were used in place of 5 ml barrel syringes. 

2. Phosphate buffer (0.1 M sodium phosphate 
dibasic heptahydrate, 0.1 mM disodium ethylene- 
diamine tetraacetate in deionized distilled water, 
pH adjusted to 7.6 with 10 N NaOH) was used in 
both the T, and T;3 assay. 

3. The volume of buffer used for the first 
elution containing the radioiodide contaminants 
and then for the elution of the antibody-bound 
fraction was 2 ml for both assays. 

4. The columns were regenerated by elution of 
4 ml of distilled deionized water, followed by 2 ml 
of thyroid hormone-stripped human serum (En- 
docrine Sciences, Tarzana, CA) diluted 1:20 with 
phosphate buffer, 8 ml of deionized distilled water 
and 8 ml of 0.1 N NaOH. 

A volume of 50 ul of sample and standard was 
used for both assays. Samples and standards were 
assayed in triplicate and 5 columns were desig- 
nated for sample pools to determine intraassay and 
interassay variability. The intraassay coefficient of 
variation was 7.8% and 7.1% for T, and T3 (n=5), 
while the interassay coefficient of variation was 


9.6% and 7.8% for T, and T3 (n=5S), respectively. 

The competitive binding curves for Ty and T3 in 
the larval extract pool exhibited good parallelism 
with the Ty and T3 standard curves, respectively 
(data not shown). The possible effects of sample 
volume on thyroid hormone measurement were 
also examined. Variations in the sample volume 
from 25-100 «1 did not alter measurement of T, 
and T; in the larval extract pool within the ranges 
tested. 

Individual extraction recovery values were used 
to calculate hormone concentrations. Thyroid 
hormone content per larva was determined by 
multiplying the thyroid hormone concentration by 
the mass of the individual larva. 


Morphometric measurement of tilapia larvae 


Figure 1 shows the types of morphological 
measurements made on larval tilapia using a Zidas 
digitizer (Carl Zeiss, Inc., Thornwood, NY) and 
Wild Herrburg M20 dissecting scope outfitted with 
a camera lucida attachment. In addition, several 
ratios of different body measurements that in- 


De 


Fic. 1. Schematic diagram of different morphometric 
measurements made on Oreochromis mossambicus 
larvae. A. A, standard length; B, snout-to- 
operculum length; C, upper jaw length; D, lower 
jaw length; E, operculum depth; F, anal depth; G, 
caudal peduncle depth. B. H, body area; I, yolk-sac 
area. 
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cluded the operculum depth to standard length, 
the anal depth to standard length and the caudal 
peduncle depth to standard length ratios were 
calculated to obtain information on changes in 
body proportion. Six to nine larvae per treatment 
(n=36 total) were measured at each sampling at 
designated intervals during 2-38 days after hatch- 
ing, prior to being weighed and frozen for thyroid 
hormone measurement. 


Statistical analysis 


Differences in thyroid hormone levels within 
treatments were analyzed using a one-way analysis 
of variance (ANOVA) and the least significant 
difference test (LSD) for a priori pair-wise com- 
parisons [19]. Differences in thyroid hormone 
levels, body weight and morphometric measure- 
ments between treatments were evaluated using a 
two-way ANOVA and the LSD test for a priori 
pair-wise comparisons [19]. All results were consid- 
ered significant at P<0.05. 


RESULTS 


T4 concentration in tank water 


Table 1 shows the Ty, levels in aquaria water 
from the control and Ty-treated tanks. There was 
no T, detected in the water of the control tank. 
Thyroxine levels in water from 2.0, 5.0 and 20 ng/ 
ml T4-treated tanks contained approximately 1.2, 
4.0 and 14.8ng/ml T,, respectively, immediately 
following addition of hormone to the water. These 
levels fell to approximately 0.5, 1.2 and 2.6 ng/ml 


TaBLeE 1. Ty concentration of aquarium water from 
control, 2.0 ng/ml, 5.0 ng/ml and 20 ng/ml T4- 
treated tanks sampled immediately after addition 
of hormone to the tank water and 24 hr later 
(mean+SE, n=10) 


T, (ng/ml) 
Treatment Immediately after 24 hr 
hormone addition later 
Control 0 0 
2.0 ng/ml T, 1.2+0.12 0.5+0.07 
5.0 ng/ml T, 4.0+0.23 1.2+0.22 
20 ng/ml Ty 14.8+0.77 2.6+0.54 


T4, respectively, prior to the next water change 24 
hr later. This overnight decline in the Ty, levels 
may result from a variety of factors that include 
metabolism by fish larvae, binding of T, to tank 
walls and degradation by bacteria. 


Thyroid hormone profiles during post-hatching de- 
velopment 


Figure 2A illustrates the changes in whole-body 
T4 and T3 concentrations of larval tilapia during 
0-38 days after hatching expressed as hormone per 
g body weight. Whole-body T, concentration of 
larvae at the time of hatching was 2.60+0.10 ng/g 
(mean+SE). The T, concentration dropped signif- 
icantly (P<0.01) to 0.86+0.04 ng/g by 9 days 
post-hatching and then increased sharply to a peak 
level of 3.70+0.50 ng/g by 18 days post-hatching. 
This level was not significantly different from that 
of newly-hatched larvae, but it was significantly 
higher (P<0.01) than that of 9-day-old larvae. 
Thereafter, the T, concentration decreased to less 
than 1.0 ng/g by 28- and 38 days post-hatching. 

The whole-body T3 concentration of larvae at 
the time of hatching was 10.17 + 0.35 ng/g, approx- 
imately 4 times higher than that of the T, concen- 
tration. Thereafter, the T3; concentration dropped 
significantly (P<0.01) to 2.14+0.34ng/g by 9 
days post-hatching and reached a level of 0.77+ 
0.20 ng/g by 28 days post-hatching. 

Figure 2B shows the thyroid hormone levels in 
larval tilapia during 0-38 days after hatching ex- 
pressed as total hormone content (ng) per larva. 
The T, content in larvae at the time of hatching 
was 0.014+0.001 ng/larva (mean+SE). Nine 
days after hatching, the T, content in larvae 
started to increase and reached peak levels of 
0.087 +0.015. The T, contents were 0.087 +0.015, 
0.073 40.015 and 0.079+0.023 ng/larva by 18-, 
21- and 24 days post-hatching, respectively, which 
were significantly higher (P<0.01) compared with 
newly-hatched larvae. Thereafter, there was a 
significant drop (P<0.05) in the Ty content by 28 
days post-hatching to 0.035+0.015 ng/larva. The 
T, content significantly increased (P<0.05) to 
0.085 + 0.024 ng/larva by 38 days post-hatching. 

The T3 content decreased significantly (P<0.01) 
from 0.050 +0.002 ng/larva at the time of hatching 
to 0.023 +0.003 ng/larva by 9 days post-hatching. 
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Fic.2. A. Changes in Ty, (solid triangles) and T; (solid 
circles) tissue concentrations in larval tilapia during 
0-38 days after hatching (mean+SE, n=4). Com- 
plete yolk absorption (YA) occurred 10 days after 
hatching. B. Changes in Ty, (solid triangles) and T; 
(solid circles) content (represented as ng/larva) in 
tilapia larvae during 0-38 days after hatching (mean 
+SE, n=4). 


The T3 content increased sharply to 0.122+0.015 
ng/larva by 38 days post-hatching, which was 
significantly higher (P<0.01) compared with 28- 
day-old larvae. 


Effects of Tz and PTU treatment on thyroid hor- 
mone concentration in larvae 


The effects of exogenous T, and PTU treatment 
on the T, tissue concentration in larval tilapia from 
2-38 days after hatching are shown in Figure 3. 
The T, concentration in larvae treated with 20 ng/ 
ml T, was significantly elevated (P<0.05) com- 
pared with controls by 10-, 14-, 18-, 26- and 38 
days post-hatching. The T, concentration of the 
5.0 ng/ml T,-treated larvae was significantly high- 
er (P<0.05) compared with controls by 18 days 
after hatching. Fourteen days after hatching, the 
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Fic. 3. Effects of T, and PTU treatment on the T, 
tissue concentration of tilapia larvae during 2-38 
days after hatching (mean+SE, n=4). Complete 
yolk absorption (YA) occurred 10 days after hatch- 
ing. Larvae were reared in water containing no T, 
or PTU (solid circles, dashed line), T, at doses of 2.0 
ng/ml (open triangles), 5.0ng/ml (open squares) 
and 20 ng/ml (open circles), and PTU at a dose of 50 
ppm (open diamonds) starting 3 days after hatching. 
Asterisks denote significant differences (*: P<0.05, 
**: P<0.01). 


T, concentration of larvae treated with 50 ppm 
PTU was significantly lower (P<0.05) compared 
with controls. The T, concentration of 2.0 ng/ml 
T,-treated larvae was not significantly different 
compared with controls. 

Figure 4 shows the effects of exogenous T, and 
PTU treatment on the T3 tissue concentration of 
larval tilapia from 2-38 days after hatching. The 
T; concentration of the 20 ng/ml T4-treated larvae 
taken overall (2-38 days post-hatch) was signif- 
icantly greater (P<0.05) than that of controls, but 
the difference between treated and control fish was 
not significant at any specific time period. Larvae 
reared in 50 ppm PTU, or in 2.0 or 5.0 ng/ml T4, 
were not significantly different in the T3 concentra- 
tion compared with controls. 


Effects of Ty, and PTU treatment on larval growth 
and development 


Young larvae (<32 days post-hatch) treated 
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with T, and PTU were not significantly different 
compared with controls in body weight and meas- 


12 - @ Control ured morphological characteristics (data not 
T O 50 ppm PTU shown). Table 2 shows the effects of T, and PTU 
10 EX s a ae se treatment on external body morphology of 32- and 


A 74 20 ng/ml 38-day-old larvae. Larvae treated with 20 ng/ml 


z= 8 T4 were significantly greater (P<0.05) in body 
& area compared with controls by 32- and 38 days 
D 6b after hatching, whereas the 2.0 and 5.0ng/ml 
4 T4-treated larvae were significantly smaller (P< 
2 fy |e NZ 0.05) in body area compared with controls over the 


same time periods. The PTU-treated larvae were 


oy Ne significantly smaller (P<0.05) in body area com- 
pared with controls by 38 days after hatching. The 

0 | 20 ng/ml T,-treated larvae were also significantly 
O 10 20 30 4Q greater (P<0.05) in the anal depth to standard 


length ratio compared with controls by 38 days 
after hatching, whereas larvae treated with 5.0 ng/ 
ml T, and PTU were significantly smaller (P< 
0.05) in the anal depth to standard length ratio 
compared with controls by 32- and 38 days after 
hatching. The 2.0 ng/ml T,-treated larvae were 
significantly smaller (P<0.05) compared with con- 
trols at 32 days after hatching. Analysis of remain- 
ing body measurements made on larvae revealed 
no significant differences between treated (Ty and 
PTU) and untreated larval tilapia. 


Days after hatching 


Fic. 4. Effects of T, and PTU treatment on the T; 
tissue concentration of tilapia larvae during 2-38 
days after hatching (mean+SE, n=4). Complete 
yolk absorption (YA) occurred 10 days after hatch- 
ing. Larvae were reared in water containing no T, 
(solid circles, dashed line), T, at doses of 2.0 ng/ml 
(open triangles), 5.0 ng/ml (open squares) and 20 
ng/ml (open circles), and PTU at a dose of 50 ppm 
(open diamonds) starting 3 days after hatching. 


TABLE 2. Effects of T, and PTU treatment on external body morphology of Oreochromis mossambicus 
larvae at 32 and 38 days after hatching. Values are expressed as means+SE 


Day 32 after hatching 


Standard Anal Anal depth/ 


Body weight Body area 
Treatment n length depth standard length 2 
(g/larva) Gam) Gam aah) 8 (mm7”) 
Control 35 0.037 + 0.004 10.83 +0.04 2.78 +0.09 0.313 +0.059 39.0+2.41 
50 ppm PTU 36 0.039 + 0.004 10.86 +0.23 2.71+0.09 0.247+0.003*  37.13+2.09 
2ng/ml Ts 36 0.041 + 0.006 10.42+0.26 2.59+0.10 0.246+0.004*  34.22+2.11* 
5 ng/ml T, 35 0.037 + 0.004 10.30 +0.22 2.52 +0.08 0.243+0.003*  34.25+1.74* 
20 ng/ml T, 26 0.053 + 0.004 10.90 + 0.60 3.07 +0.08 0.444 +0.085 45.82+1.77* 
Day 38 after hatching 

Control 36 0.069 + 0.008 12.76+0.30 3.42 +0.12 0.266 + 0.003 54.72+3.12 
50 ppm PTU 36 0.062 + 0.007 12.31+0.32 3.17+0.11 0.257+0.003* 49.19+2.88* 
2ng/ml T, 36 0.065 + 0.010 12.36+0.67 3.12+0.12 0.271 +0.018 48.57+2.85* 
5 ng/ml T, 36 0.070 +0.010 12.02 +0.32 3.12+0.11 0.258+0.003*  49.52+2.86* 
20 ng/ml T, 36 0.081 +0.011 13.38 +0.66 3.78+0.17 0.362+0.076*  62.56+5.84* 


* P<0.05 compared to control 
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DISCUSSION 


The thyroid hormone patterns observed in this 
study are consistent with those of Reddy [18] and 
Weber et al. [25] who detected the presence of 
substantial amounts of thyroid hormones in eggs 
and larvae during early development of tilapia (O. 
mossambicus). However, comparison of thyroid 
hormone values in this study with those reported 
by Reddy er al. [18] suggests that there are marked 
intraspecies differences in the relative levels of 
thyroid hormones present in tilapia eggs and lar- 
vae, despite the reproducibility in the pattern of T, 
and T; profiles during post-hatching development. 
In the present study, the T3 concentration in larvae 
at the time of hatching was greater than the Ty 
concentration, whereas Reddy [18] found that T, 
content was higher than T3. This discrepancy in 
larval thyroid hormone levels may be related to 
differences in the environmental history of the 
breeding females. Mature females used in our 
study were captured in seawater and acclimated to 
fresh water for a minimum of 2 months. In 
contrast, Reddy [18] used females reared in fresh 
water (Lam, personal communication). Support 
for this explanation comes from a study by Tagawa 
et al. [23] who reported that eggs and larvae of 
marine teleosts had greater T3 concentrations than 
T,, whereas most fresh water fish had greater 
concentrations of T, than T3. The biological 
significance of different T3/T, ratios between 
freshwater- and seawater-adapted teleosts of the 
same species is not known and requires further 
investigation. Intraspecies variations in the levels 
of thyroid hormones have also been reported for 
several salmonid species [12, 13]. 

A steady decline in larval Ts and T3 concentra- 
tions from hatching until 9 days after hatching 
were observed in this study as well as by Reddy er 
al. {18}. Similar decreases in the T, content were 
reported in coho salmon, Oncorhynchus kisutch 
[8], chum salmon, O. keta [6, 20] and striped bass, 
Morone sexatilis [2]. It has been suggested that this 
decline in thyroid hormone concentration during 
the period of yolk-sac resorption results from the 
hormone utilization by developing larvae [1]. 
However, the T3 content, but not the T, content, 
in the tilapia decreased after hatching, suggesting 


that T3 is mainly utilized during this period of 
larval development. Further support comes from 
Reddy et al. [18] who found that T, 5’-deiodinase 
(5’-D) activity is nondetectable until 5 days after 
hatching. Thus, T3 stored in eggs may act as an 
important source of hormone during early post- 
hatch development, while T, may be utilized at a 
latter period. 

The marked increase in the T, level starting 
around the period of complete yolk-sac absorption 
(10 days after hatching) in O. mossambicus sug- 
gests the beginning of endogenous secretion of T, 
from the larval thyroid. The drop in T, concentra- 
tion in PTU-treated larvae suggests utilization of 
T, at this time, eliminating decreased utilization of 
T, as a cause of the T, surge. As mentioned 
earlier, similar increases in the T, concentration 
occurring at or near complete yolk absorption have 
been reported in coho and chum salmon which 
coincide with an increase in the growth rate of 
these teleosts [8, 20]. This correlation was also 
found in tilapia [18]. 

The significant decrease in T, following the 
marked increase may reflect an excess of conver- 
sion to T3 over secretion of Ty from the larval 
thyroid due to a noticeable increase in 5’-D activity 
[18]. In addition, we have found that the thyroid 
hormone level remained depressed following the 
T4 surge when expressed in units of ng/g (Fig. 2a), 
but it increased significantly when expressed as a 
function of ng/larva (Fig. 2b). This suggests that 
thyroid hormone synthesis during this stage of 
development is keeping pace with the growth rate 
of the larvae. 

Treatment with exogenous Ty, significantly in- 
creased the Ty concentrations in 5- and 20 ng/ml 
T,-treated larvae compared with controls, with the 
highest levels observed during the natural Ty peak. 
This suggests that exogenous T, was taken up by 
the developing larvae and that T, treatment am- 
plified the natural T, surge. The changes in the Ty 
concentrations in Ty-treated larvae during this 
period may reflect a change in hormone clearance 
rates, solubility, and permeability. Virtually no- 
thing is known about hormone clearance rates in 
larval fishes and requires investigation. 

Triiodothyronine concentration taken overall in 


the highest T4-treated group was significantly ele- 


810 D. K. Oximoto, G. M. WEBER AND E. G. GrRAu 


vated above that of the control, but the difference 
was not significant at any specific time period. This 
increase in T3 concentration in the 20 ng/ml Ty- 
treated larvae is most likely a result of increased 
substrate (T,) and possibly 5’-D activity [18]. In 
contrast, Reddy [17] observed no significant eleva- 
tion in the T3 content via T, treatment. 

Exogenous T, treatment significantly increased 
the anal depth to standard length ratio and the 
body area in the 20 ng/ml T4-treated larvae com- 
pared with controls, whereas PTU inhibited these 
measurements. It is well established that exoge- 
nous thyroid hormone treatment affects growth 
and development in teleost fishes [1]. However, 
there were no significant effects of hormone treat- 
ment on growth (body weight and standard 
length). These results indicate that the T,-treated 
larvae were growing more rapidly dorsal-ventrally 
compared with controls. One possible explanation 
for the anal depth to standard length and body 
area being the only significant morphometric 
changes is that these two measurements may be 
the most sensitive measures (i.e., additive effects 
of standard length to depth measurements— 
operculum depth, anal depth and caudal peduncle 
depth) to the effects of hormone treatment. We- 
ber et al. (in preparation) observed an inhibitory 
effect of extremely high levels of T3 (60- and 
220-fold over that of controls at hatching) on larval 
body weight, in addition to other observed de- 
velopmental effects that include effects on jaw 
development, increased pectoral fin growth and 
opercular deformities. Their study demonstrates 
that thyroid hormone treatment when given via 
injection (2.0- and 20 ug/g body weight) to the 
mother fish can affect the development of offspring 
in ways previously reported to be sensitive to 
thyroid hormones by immersion studies. The 
results of the present study provide further evi- 
dence for a role of thyroid hormones in mor- 
phogenesis of teleost fishes. 
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ABSTRACT—We observed fine structures in the vomeronasal organ of the house musk shrew using 
optical and electron microscopes. The vomeronasal organ of this animal had a pair of openings behind 
the incisors, and was composed of a pair of blind tubes extending from these. The vomeronasal 
epithelium was situated on the medial and basal parts in the vomeronasal organ. The medial 
vomeronasal epithelium was thin and had few basal cells. The basal vomeronasal epithelium was thick 
and had long sensory cells and numerous basal cells. The distal ends of the vomeronasal sensory cells 
protruded somewhat into the lumen and had many long microvilli. Further, there were plenty of 
mitochondria in the cytoplasm. There were only a few secretory granules and mitochondria in the 
supporting cells. Most of the vomeronasal organ was surrounded by a hard bone capsule, but there was 
a small window on the postero-dorsal hard bone capsule. On the lateral side, there was a thick sinus 


along the vomeronasal cavity. 


INTRODUCTION 


All vertebrates except for birds and fish have a 
vomeronasal (Jacobson’s) organ which exists on 
the bottom and/or the under half of the nasal 
septum. For a long time, this organ has been 
thought of as a secondary olfactory organ. How- 
ever, recent studies have shown that the vomero- 
nasal receptors of garter snakes respond well to the 
odor of food well [3] and that the organ plays a role 
in the mating behavior of hamsters [6]. Also the 
vomeronasal organ is well developed anatomically 
in turtles [4]. The adequate stimulus is, however, 
still unknown. The mammalian vomeronasal 
organ is situated in the bottom of the nasal septum, 
and most of the organ is enclosed by cartilage or 
hard bone. Carnivora have openings in the oral 
cavities, and rodents in the nasal cavities [2]. In 
this study the vomeronasal organ of the house 
musk shrew, classified as insectivora, was observed 
using optical and electron microscopes. 
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It has been a relatively short time since the 
house musk shrew was domesticated. This animal 
belongs to insectivora, which are found not only in 
tropic and subtropic zones, but also in temperate 
zone. This animal has induced ovulation by 
copulation without an estrus cycle [1], and has an 
interesting, unique mating behavior patterns. 
When a male and a female animal are put in an 
aquarium, at first the male encounters the female. 
After sniffing each other, the female begin to walk 
at an even pace. The receptive female wags its tail. 
The male follows the female. The male mounts the 
walking female. After several mounts, the male 
succeed in the final intromission and ejaculation. 
Then the male suddenly change its attitude and 
begin the postejaculation attack. 


MATERIALS AND METHODS 


House musk shrews used in this study were born 
and raised in our colony at the University of 
Tsukuba. The origin of this colony was provided in 
1987 by Dr. Kitoh (University of Nagoya) and 
descended from animals trapped in Nagasaki pre- 
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fecture in the early 1970s. The colony is main- 
tained on a light cycle of 12L:12D (lights on at 
0700) at a temperature of 22+1°C. They are 
provided with food (Nippai Trout Food 5P) and 
water at will. The animals in this study were 
individually housed (cage dimensions: 30 x20 11 
cm) after weaning (21 days of age) with pinewood 
shavings and paper towels for bedding [7]. 

The animals were anesthetized with pentobar- 
bital sodium (20-30 mg/kg). The target tissue was 
fixed through the blood circulation system from 
the carotid artery by perfusion of the fixative. The 
fixative is a mixture of 10% formalin, 1% glutar- 
aldehyde, 1% succharose, and 0.1M-Phosphate 
buffer (pH 7.4). 2% OsO, was used as a post 


for electron microscopy. Specimen was decalcified 
with a 10% EDTA-2Na solution for 4 weeks at 
4°C, and were embedded in epoxy resin using the 
ordinary procedures. Specimens were sectioned 
into sections 10 “m thick and stained by toluidin 
blue for optical microscopy. The sections for 
electron microscopy were double-stained by uranyl 
acetate and lead citerate. 


RESULTS AND DISCUSSION 


Optical microscopy 


Morphological charasteristics of the house musk 
shrew were recorded in this study. A third of the 
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Upper labial frenum 


Nostril 
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the location of the vomeronasal organ. 
B The schema shows the right halves of the transverse sections at every 150 4m of the vomeronasal organ. Filled 
circles show blood vessels. Thick blood vessels are especially called sinuses. Open circles show vomeronasal 
cavities called lumens. The sinuses were situated on the lateral side of the lumen. The whole length of the 
vomeronasal cavity was 2250 um. The highest length of it was 490 um. 
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A The schema of the head of the house musk shrew without the lower jaw. The area of oblique lines shows 
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whole length of the head was snout. External 
nares opened on right and left sides of the snout tip 
(Fig. 1A). The upper labial frenum extended back 
to the upper lip cleft and reached the openings of 
the vomeronasal organ through the upper incisors. 
The length of the duct from the opening to the 
vomeronasal organ was over 1200 um, and 3 um in 
the short diameter and 230 um in the long dia- 
meter. A house musk shrew always moves its 
snout up and down rapidly. Labial frenum reached 
from the tip of the snout to the openings of the 
vomeronasal organ so that the rapid up and down 
movement of the snout would be involved in the 
cominng and going of the stimulant. In rats [9] and 
hamsters [8], there were a pair of external nares in 
the blind tube-like vomeronasal organ in the nasal 
cavity. The length of the blind tube where the 
vomeronasal epithelium was distributed was 2550 
ym, and 490 um at its highest height. The duct to 
the vomeronasal cavity was enclosed by cartilage, 
and the anterior third of the vomeronasal cavity 
was enclosed by hard bone (Fig. 2A). The dorso- 
lateral part of the remaining two thirds was adja- 
cent to the olfactory cavity bordered by connective 
tissue(Fig. 2B, C). The vomeronasal organ was 
situated in the bottom of the nasal septum and 
connected to the palatine. There were some blood 
vessels along an anterior third of the vomeronasal 
cavity and a thick sinus on the lateral side along the 
middle third of it, and the lumen of it was triangu- 
lar or crescent (Fig. 1B). There were two thick 
sinuses on the lateral side along the posterior third 
of it, and the lumen suddenly became small (Fig. 
1B, Fig. 2C). At the posterior end of the vomer- 
onasal organ, sinuses gathered into one vessel 
again, making this point the thickest (Fig. 1B). 
The vomeronasal epithelium was found only on 
the medial side of the anterior and middle thirds of 
the vomeronasal organ (Fig.2A, B). On the 
middle third of the vomeronasal organ, the epithe- 
lium was found in the dorsal, medial and ventral 
parts (Fig. 2B). In house musk shrews, the sinus 
along the lateral side in the vomeronasal organ was 
not as well-developed as in rats [9] and hamsters 
[8]. On the posterior third of the vomeronasal 
organ, it was found in the medial and ventral parts. 
The thickness of the vomeronasal epithelium was 
thicker on the dorsal and ventral parts than that on 


the medial part (Fig.2). The blind tube-like 
vomeronasal cavity was filled with mucus and this 
mucus should carry stimulant into the cavity. It is 
thought that the coming and going of stimulant in 
the cavity is controlled by the pumping of the 
sinous, which is controlled of the sympathetic 
nerve [5]. 


Electron microscopy 


There were three types of cells in the vomer- 
onasal epithelium: vomeronasal cells, supporting 
cells and basal cells (Fig. 3A). The vomeronasal 
cell was a bipoler cell, and the distal end protruded 
into the lumen. The protrusion had more than 100 
microvilli. The length of each microvilus was more 
than 10 um, with a diameter about 0.1 um (Fig. 
3B). The distal end had numerous mitochondria, 
especially in the protrusion there were some cen- 
trioles (Fig. 3B). There were no cilia. The den- 
drite of an olfactory cell had tonofilaments, but we 
could not observe tonofilaments and micro- 
tubles in the vomeronasal cell. The ovoidal nuclei 
were in a line on the middle layer or the basal layer 
within the epithelium. Mitochondria, Golgi body, 
and free ribosomes were observed around the 
perinuclear area. We could not observe smooth 
endoplasmic reticulum. Supporting cells had cylin- 
drical nuclei in the middle layer within the epithe- 
lium (Fig. 3A). There were short processes on the 
distal ends of the supporting cells (Fig. 3A). 
Mitochondria and rough endoplasmic reticula lied 
scattered over the cytoplasm and there was a Golgi 
body in the perinuclear area. The cytoplasm and 
the nucleus of the supporting cell had lower elec- 
tron densities than those of the vomeronasal cell. 
The supporting cell had no secretory granules. 
The basal cells were situated on the basal layer of 
the epithelium, and the cells and the nuclei were 
flat and somewhat horizontal (Fig. 3A). The nu- 
cleus occupied most of the cell. We could not find 
tonofilaments. The basal cells gathered in the 
thick part of the epithelium, the dorsal part and 
the ventral part of the vomeronasal epithelium. 
No one has studied whether the basal cells are the 
stem cells of the vomeronasal cells, but it seems 
that they are the stem cells of the vomeronasal 
cells from the results of the developmental study 
[8]. We could not find tonofilaments on both of 
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Fic. 2. The transverse sections of the vomeronasal organ. Scale 100 um. The inlet shows the locations of the section 
A, B and C in the vomeronasal organ. arrows: bordres between vomeronasal mucosa and stratified layers. C 
cartilage. HB hard bone. L lumen. A an anterior third. B a middle third. C a posterior third. 
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Fic. 3. Electron micrographs of the vomeronasal epithelium. 


asterisks: microvilli. Small arrows mitochondria. 


Large arrow a centriole. BC a basal cell. SC a supporting cell. VN a vomeronasal receptor cell. 
A A picture of the whole height of the vomeronasal epithelim. Scale 2 ~m. B Distal ends of the vomeronasal 


receptor cells. Scale 5 um. 


supporting and vomeronasal cells. Cell arrange- 
ment among the three kinds of cells was not as 
regular as that in the olfactory epithelium. The 3 
surface of the lateral vomeronasal organ was a 
stratified layer with short processes. In rats, mice 

and rabbits, They have vomeronasal respiratory 4 
epithelium with cilia [10], but house musk shrews 

did not have it. 
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ABSTRACT— Levels of calcium (Ca) in the skin were determined in several species of anuran and 
urodele obtained from various environments. One species of apodan was also examined as a reference, 
which is completely aquatic. We confirmed that, in general, amphibians contain large amounts of Ca in 
the skin. However, it was clear that Ca levels in the skin are greater in anurans than in urodeles, 
although even among anurans there were some variations. Furthermore, it was demonstrated that, in 
anurans, levels of Ca are higher in the dorsal skin than in the ventral skin in species adapted to 
semi-terrestrial and semi-aquatic environments. This was not the case for the species that inhabit an 


aquatic environment. 


INTRODUCTION 


In vertebrates, Ca is the most important constit- 
uent of skeletal bones. Amphibians were the first 
vertebrates that successfully adapted to semi- 
terrestrial environments. Modern amphibians con- 
sist of three groups: the anurans (frogs and toads); 
urodeles (newts and salamanders); and the apo- 
dans (legless newts). It has been reported that, in 
some species of anurans, the skin, and especially 
the dorsal skin, contains a large amount of Ca [1, 
4-6]. It is not clear, however, whether or not this 
is a general phenomenon in anurans, nor is it clear 
whether such is also the case in urodeles and 
apodans. Therefore, in the present study, levels of 
Ca in the skin of several species in the three groups 
of amphibians, obtained from a variety of environ- 
ments, were determined. The results are discussed 
from some aspects of the mode of living in 
amphibians. 
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MATERIALS AND METHODS 


Five species each of anurans and urodeles were 
examined. In addition, one species of apodan was 
included as a reference. Those are listed in Table 
1. 

In the present study, at first it examined whether 
or not levels of Ca in the skin of anurans and 
urodeles are actually higher than in other soft 
tissues. After animals had been anesthetized with 
0.03% ethyl 3-aminobenzoate methanesulfonate 
(Nakarai Tesque, Inc), about 20 kinds of tissue 
were dissected out from various parts of the body 
and immediately weighed. In Hymenochirus sp., 
however, only two kinds of tissue were taken out, 
and in Typhlorectes compressicauda, five kinds of 
tissue. These tissues were then solubilized in a 
mixture of nitric acid and perchloric acid (11:2, v/ 
v). The resultant solutions were diluted appro- 
priately with distilled water, and total Ca concen- 
trations were determined by atomic absorption 
spectrophotometry. Levels of Ca were calculated 
from the extent of dilution and the final concentra- 
tion of Ca in each solution. 
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TABLE 1. Amphibians used in the present study 
Species Number Sex Body weight (g, average) 
Anurans 
Hyla japonica 10 m=8, f=2 Ded 
Rana _ nigromaculata 9 m=5, f=4 14.9 
Rana japonica 13 m=5, f=8 10.8 
Rhacophorus schlegelii 6 m=3, i=3 4.6 
*Hymenochirus sp. 4 — 8.6 
Urodeles 
Cynops pyrrhogaster 10 m=S, f=5 eS) 
Onychodactylus japonicus 10 m=5S, f=5 7.3 
Hynobius nigrescens 11 m=11 17.2 
Hynobius lichenatus 6 m=6 5.0 
Ambystoma mexicanum 5 m=3, f=2 117.1 
Apodan 
Typhlonectes compressicauda 2 — 30.0 


* Species was not specified. m, male; f, female. 


The dorsal and ventral skins were fixed with a 
neutralized solution of 5% formalin to determine 
the sites of Ca in the skin. Specimens were treated 
histochemically with von Kossa’s stain for light- 
microscopic observations. A portion of each sam- 
ple of skin was also analyzed by an X-ray mic- 
roanalyzer (JCXA-733 with Kevex 7045 energy 
dispersive X-ray spectroscope) to confirm the ex- 
act location of Ca. 


RESULTS 


Levels of Ca in skin and in other tissues 


Levels of Ca in various tissues from five species 
of anuran are summarized in Table 2. In Figure 1, 
levels of Ca in tissues from Rhacophorus schlegelii 
are shown in a histogram as an example. The 
average level of Ca in the skin was clearly higher 
than that in other tissues except hard tissues. The 
value of Ca in the skin was 17 times higher than the 
average value for the other soft tissues (Table 2). 
Similar data were obtained in other species (Table 
2), level of Ca in the skin being 16 times higher in 
Hyla japonica, 58 times higher in Rana japonica, 
and 109 times higher in Rana nigromaculata than 
the average value of other soft tissues. 

In most of the anurans examined, levels of Ca in 


the dorsal skin were higher in the anterior portion 
than in other portions (Table 2). Furthermore, in 
Rh. schlegelii, the level of Ca in the anterior 
portion of the dorsal skin was 3.9 times higher than 
that in the ventral skin (Fig. 2). In other species, 
as shown in Figure 2, levels were 2.0 times higher 
in R. nigromaculata and 14.6 times higher in H. 
Japonica, while in Hymenochirus sp. and R. japo- 
nica dorsal and ventral levels were almost the 
same. 

The level of Ca in the dorsal skin was highest in 
R. nigromaculata (Fig. 2). There were no conspic- 
uous differences in the level of Ca in the dorsal 
skin between R. japonica and H. japonica. Levels 
of Ca in the dorsal skin of Rh. schlegelii and 
Hymenochirus sp. were low compared to those in 
other anurans. 

In Table 3, levels of Ca in the skins and other 
tissues of five species of urodele and one species of 
apodan are summarized. Levels in the skin of 
urodeles were extremely low when compared to 
those in the skin of anurans (Fig. 2). In Figure 3, 
the levels of Ca in tissues of Cynops pyrrhogaster 
are shown in a histogram as an example. In 
urodeles, levels of Ca in the skin were high after 
levels in gall bladder and hard tissues (Table 3), 
although the difference between the skin and other 
soft tissues was small when compared to that 
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TaBLE 2. Levels of Ca (ug/g fresh tissue) in various tissues and organs of five species of anuran 
Species HJ RN RJ RhS HY 
Tissue/Organ (n=10) (n=9) (n=13) (n=6) (n=4) 
Ventral skin (a) 190.3 3250.4 3295.7 516.9 — 
Ventral skin (m) 130.8 3402.2 1929.6 115.4 961.3 
Ventral skin (p) 152.2 2917.6 807.5 184.2 — 
Dorsal skin (a) 2778.0 6447.1 3550.4 2034.5 — 
Dorsal skin (m) 2295.2 S373 2975.6 1612.6 1111.5 
Dorsal skin (p) 1178.3 3693.8 2308.0 1457.0 = 
Stomach 64.9 Soll 83.3 56.7 — 
Duodenum 76.1 46.8 135.6 89.8 — 
Intestine 99.7 58.7 81.6 83.3 — 
Rectum 140.5 74.5 71.3 OH a7 — 
Liver 32.7 42.6 38.0 17.2 — 
Gall bladder 285.5 240.4 382.8 516.9 — 
Pancreas 126.2 86.8 80.5 153.2 — 
Spleen 47.9 41.6 83.5 48.0 — 
Lung 61.6 68.9 81.9 48.5 — 
Kidney 51.0 50.4 52.8 33.2 — 
Heart 52.6 60.9 56.5 54.9 — 
Aorta 304.0 150.6 135.6 7.3 — 
Testis 42.7 53.8 DiS) 18.4 — 
Ovary 48.7 30.7 49.1 6.5 — 
Fat body 137.0 15.1 40.4 88.4 — 
Muscle 111.8 76.7 107.3 102.8 — 
Nerve 112.3 124.7 54.1 123.5 — 
Lime sac 29167.4 146278.5 145188.3 250479.2 — 
Humerus 162582.7 117559.5 348008.9 81954.3 — 
Femur 166262.7 173162.7 221450.1 155195.3 — 
Vertebra 151041.0 143578.4 160614.3 108303.9 — 
Cartilage 14380.5 23135.7 17765.1 14562.6 — 


Numbers in parentheses indicate numbers of animals used. 
HJ, Hyla japonica; RN, Rana nigromaculata; RJ, Rana japonica; RhS, Rhacophorus schlegelii; HY, 


Hymenochirus sp. 
(a), anterior; (m), middle; (p), posterior. 


observed in anurans (Table 2). The level of Ca in 
the skin was 2.9 times higher in the newt than the 
average value of other soft tissues. In other three 
species of urodeles (Hynobius lichenatus, Hyno- 
bius nigrescens and Ambystoma mexicanum), 
levels of Ca in the skin were 1.5—1.6 times higher 
than the average values in other soft tissues. In 
Onychodactylus japonicus, there were no differ- 
ences in levels of Ca between the skin and other 
soft tissues. In urodeles, in both the dorsal skin 
and the ventral skin, there were no clear differ- 


ences in levels of Ca among different regions 
(Table 3). Furthermore, although levels of Ca in 
the anterior portion of the dorsal skin were higher 
than those in the ventral skin, the differences were 
smaller (1.1-1.7 times) (Fig. 2) as compared to 
those in anurans (1.1-14.6 times). 

The levels of Ca in the skin was highest in C. 
pyrrhogaster (Fig. 2), and next highest in A. mex- 
icanum. There were no conspicuous differences 
among the other three species, H. lichenatus, H. 
nigrescens and O. japonicus. 
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Fic. 1. Levels of Ca in various tissues of an anuran, Rhacophorus schlegelii. The values for the skin are shown as 
black columns. Values for other soft tissues and hard tissues are shown as white columns and striped columns, 
respectively. Levels of Ca contents are indicated on a logarithmic scale. A, Anterior; M, Middle; P, Posterior. 
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Fic. 2. Levels of Ca in the dorsal skin (striped columns) and the ventral skin (white columns) of various species of 
amphibian. Numbers to the right of columns are the ratios of levels of Ca in the dorsal skin to those in the ventral 
skin. In the Figure, results obtained for Bufo japonicus [5] and Xenopus laevis (Oguro, unpublished data) are 
added (inside of broken line). 
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Levels of Ca (ug/g fresh tissue) in various tissues and organs of five species of urodele and 


Species CP OJ HN HL AM INC 
Tissue/Organ (n=10) (n=10) (n=11) (n=6) (n=5) (n=2) 
Ventral skin (a) 275.2 95.6 117.2 64.5 163.1 139.9 
Ventral skin (m) 224.3 112.9 112.5 71.4 186.8 ISI 
Ventral skin (p) 286.6 138.1 94.8 HES 175.5 96.0 
Dorsal skin (a) 416.7 112.7 149.8 111.0 179.1 143.6 
Dorsal skin (m) 416.2 108.9 154.3 116.3 204.2 168.1 
Dorsal skin (p) 373.4 115.4 157.0 136.0 305.7 161.3 
Stomach 107.7 72.7 79.2 60.0 174.8 — 
Duodenum 87.4 63.6 66.3 50.4 137.0 — 
Intestine 81.3 69.7 80.3 50.6 107.7 — 
Rectum 92.5 79.3 DS 64.9 196.5 — 
Liver 24.6 21.0 42.6 23.0 67.6 — 
Gall bladder 428.7 485.6 337.6 227.6 — — 
Pancreas 116.9 89.4 — — 133.7 — 
Spleen 34.6 21.5 48.6 24.4 64.8 — 
Lung 98.1 — 60.6 52.6 158.0 — 
Kidney 116.9 90.4 59.3 57.8 PB Yoll _ 
Heart 101.7 103.0 — 60.7 103.9 — 
Testis 14.1 47.0 23.2 20.2 140.5 _ 
Spermiduct 58.8 100.9 23.4 27.9 — — 
Ovary 155.4 34.7 — — 71.4 -- 
Oviduct 186.8 382.7 — _ — = 
Muscle 113.0 104.9 64.1 136.1 180.5 — 
Bone 212454.9 128556.8 171819.3 205081.8 357352.5 — 
Vertebra 132891.4 131090.1 81711.5 128366.3 264050.8 _ 
Cartilage 20897.1 10453.0 29572.9 17267.0 815.5 — 


Numbers in parentheses indicate numbers of animals used. 
CP, Cynops pyrrhogaster; OJ, Onychodactylus japonicus; HN, Hynobius nigrescens; HL, Hynobius 
lichenatus; AM, Ambystoma mexicanum; TC, Typhlonectes compressicauda. 


(a), anterior; (m), middle; (p), posterior. 


In the apodan, Typhlonectes compressicauda, 
only the level of Ca in the skin was examined 
(Table 3, Fig. 2). In this species, there were no 
clear differences in levels between the dorsal skin 
and the ventral skin, as indicated by an examina- 
tion of only two individuals. 


Histochemical observations of skin after von Kossa 
staining 

In the dorsal skin of anurans (Hymenochirus sp. 
was not examined), cells of the spongy layer that 
covers the compact layer, in the dermis, were 
Cytoplasm of 


positive for von Kossa staining. 


those cells was tinged with brown, which demon- 
strates the presence of Ca (Fig. 4). In the ventral 
skin, however, the cells with brown cytoplasm did 
not constitute a continuous spongy layer. 

In all species of urodele examined, there were 
no clear layers of cells that were positive for von 
Kossa staining in either the dorsal skin or the 
ventral skin. 


Analysis of skin with an X-ray microanalyzer 
In anurans, only the brown parts of the cyto- 


plasm, as stained by von Kossa’s method, gave 
sharp peaks upon microanalysis, indicating the 
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Fic. 3. Levels of Ca in various tissues of a urodelan species, Cynops pyrrhogaster. The values for the skin are shown 
as black columns. Values for other soft tissues and hard tissues are shown as white columns and striped columns, 
respectively. Levels of Ca are indicated on a logarithmic scale. A, Anterior; M, Middle; P,Posterior. 
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Fic. 4. Cross section of the dorsal skin of Rhacophorus 
schlegelii, stained by von Kossa’s method. The skin 
is composed of the epidermis (ED) and the dermis 
(D) which is made up of two layers, the spongy layer 
(SL) and the compact layer (CL). Ca is stained 
brown in the cytoplasm of the spongy layer cells. 
Black areas are melanin granules. Bar represents 


100 um. . j 
Fic. 5. Point-analysis at the spongy layer with an X-ray 
microanalyzer. A: Rhacophorus schlegeli; B: 
presence of Ca and phosphorus. In Figure 5A, the Cynops pyrrhogaster ; C: Onychodactylus japonicus. 
result for Rh. schlegelii is shown as a typical Detection of Ca and phosphorus was performed for 
example 60 sec within energy range 0-40K electron volt 


I fel i bea (horizontal axis). Those spectra were obtained at 
n urodeles, small peaks due to Ca and phos- 10.24 K electron volt. The sensitivity of vertical axis 


phorus were observed only in the dorsal skin of C. was set up 8192 (A) or 4096 (B, C) count values. 
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pyrrhogaster (Fig. 5B). In other species of urodele 
examined, no clear peaks were detected from 
either the dorsal skin or the ventral skin (Fig. 5C). 
In the case of A. mexicanum and T. compress- 
icauda, no X-ray analysis was performed. 


DISCUSSION 


From the present results, it is clear that, in four 
genera of anurans, the skin contains more Ca than 
other soft tissues, but less than the hard tissues. 
Also in four genera of urodeles, levels of Ca in the 
skin were higher compared to those in other soft 
tissues except gall bladder. Therefore, it seems 
reasonable to conclude that amphibians generally 
have high levels of Ca in the skin. It has been 
reported that in mammals, Ca is excreted from 
liver into bile [8]. The physiological importance of 
the accumulation of Ca in the skin has so far been 
discussed only in anurans. It has been proposed 
that Ca protects against desiccation of the skin [4], 
that the skin stores Ca [1, 9] and that absorption of 
Ca occurs through the skin [7]. The present data 
do not exclude these possibilities. 

Taylor et al [6] reported that Ca in the skin must 
be bound to phosphorus. The results from an 
X-ray microanalysis in the present study suggest 
that this supposition is reasonable. Furthermore, 
they reported that, in Rana catesbeiana, Ca is 
present as crystalline granules that are distributed 
in the intercellular space, covering the compact 
layer in the dermis. A similar distribution of Ca 
has been demonstrated in Rana arvalis and Rana 
ridibunda [4]. In the present study, by contrast, in 
H. japonica, R. nigromaculata, R. japonica and 
Rh. schlegelii, Ca was detected in the cytoplasm of 
cells of the spongy layer that covers the compact 
layer. The reason for this discrepancy is not clear 
at the present. 

We found a clear difference in the level of Ca in 
the skin between anurans and urodeles. In anu- 
tans, the level of Ca was very higher than in 
urodeles. In Figure 2, level of Ca in the skins 
examined in the present study and data from Bufo 
japonicus and Xenopus which were 
obtained previously ({5] and Oguro, unpublished 
data), are shown together. Moreover, in most 
species of anuran, levels of Ca were higher in the 


laevis, 


dorsal skin than the ventral skin. Therefore, this 
conclusion, suggested originally for B. japonicus 
[5], can be applied to most anurans. In H. japonica 
and B. japonicus, ratio of the level of Ca in the 
dorsal skin to that in the ventral skin was very 
high, being 14.6 and 8.4, respectively. In Rh. 
schlegelii, R. nigromaculata and R. japonica, ratios 
were 3.9, 2.0 and 1.1, in that order. In X. laevis 
and Hymenochirus sp. the ratio was 1.1 in both 
cases. By contrast, in urodeles, there were no 
major differences in the levels of Ca between the 
dorsal skin and the ventral skin. The ratios were 
1.1-1.7. 

It is well known that anurans that belong to 
Bufonidae and Hylidae have adapted to terrestrial 
life to a certain degree. With respect to classifica- 
tion of anurans, it has been indicated that Hylidae 
originated from some ancestor of Bufonidae [3]. 
Frogs of Ranidae and Rhacophoridae inhabit 
semi-aquatic and semi-terrestrial environments, 
and the latter group is phylogenetically descended 
from the former group [3]. Two species, X. leavis 
and Hymenochirus sp. are completely aquatic. 
These species are closely related in terms of clas- 
sification. The urodeles examined in the present 
study were semi-terrestrial (C. pyrrophogaster, O. 
Japonicus and two species of Hynobiidae) or aquat- 
ic (A. mexicanum). The one species of apodan was 
completely aquatic. Thus, it seems that, broadly 
speaking, species that inhabit similar environments 
and are phylogenetically closely-related have simi- 
lar ratios for the levels of Ca in their dorsal and 
ventral skins. 

As regard to the mode of locomotion, anurans 
belonging to Bufonidae and Hylidae usually do not 
swim but crawl. When they crawl, they advance 
using only their legs, without turning or twisting 
their bodies. When frogs of Ranidae swim, they 
never turn or twist their bodies. The backbone 
must be fixed for kicking water with the hind 
limbs. By contrast, urodeles advance by turning 
and twisting their bodies, in addition to using their 
legs. The body of the aquatic apodan used in the 
present study is so flexible that it can coil itself. 
Therefore, styles of locomotion may be related to 
the differences between anurans and urodeles in 
the levels of Ca in the skin. In anurans, the 


anterior portion of the dorsal skin contains more 
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Ca than other parts. In this portion of the frog 
body, movement seems to be least extensive. In 
urodeles, there were no differences in the levels of 
Ca among the different regions of the skin. 

The ancient amphibians had an outer integu- 
ment that resembled armor, which must have 
contained a large amount of Ca [2]. Therefore, it 
may be erroneous to suppose that amphibians 
adapting to a terrestrial environment accumulated 
Ca in their skin during evolution. Changes in 
levels of Ca in the skin might not represent a 
history of accumulation of Ca but of reductions in 
levels of Ca. It is of interest that B. japonicus, 
which is regarded as a primitive species, had the 
highest levels of Ca in the skin among amphibians 
examined. There is a possibility that rates of 
reduction of levels of Ca in the skin may differ 
from species to species or even from the dorsal 
skin to the ventral skin. In anurans, the ventral 
skin may have to be more flexible than the dorsal 
skin, since it must swell after feeding and/or 
maturation of the gonads. In aquatic species of 
anuran, however, the dorsal skin must be flexible 
for decreasing water resistance. In urodeles and 
apodans, the skin must be more flexible to allow 
their locomotion. 
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ABSTRACT— Recent studies of molecular phylogeny based upon comparisons of the partial nucleotide 
sequences of 18 and 28S rRNAs have suggested that the metazoa are polyphyletic, i.e., that diploblasts 
(poriferans, cnidarians, ctenophores, and placozoans) and triploblasts form two separated monophyle- 
tic units. In order to examine this hypothesis, we determined almost the complete sequences of small 


subunit (18S-like) rDNA for two poriferans and a ctenophore. 


Phylogenetic comparisons of the 


sequences, together with those of a cnidarian, triploblasts and other eukaryotes, supported the 
monophyly of the metazoa. Among the diploblasts, the ctenophore showed some similarities to the 


poriferans. 


INTRODUCTION 


On the basis of extensive studies of comparative 
anatomy, embryology, and paleontology, mul- 
ticellular animals (metazoans) have been divided 
into three major taxonomic units, namely; animals 
with three embryonic layers and bilateral symmet- 
ry (triploblasts), those with two embryonic layers 
and radial symmetry (diploblasts) except for bi- 
lateral symmetry of anthozoans, and those with 
extremely loose tissue differentiation (poriferans), 
the latter sometimes included within diploblasts 
[cf. 1, 2, 28]. The origin and evolution of these 
multicellular animals have received considerable 
attention over the years [1, 2, 8-10, 15, 21, 25, 28]. 
It is generally accepted that the metazoa arose 
from protozoa, perhaps 700-1000 million years 
ago [3]. Models of the metazoan origin suggest 
that either colonial flagellates [9, 15] or syncytial 
ciliates [8, 10] became acoel flatworm-like crea- 
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tures (phylum Platyhelminthes), from which va- 
rious modern metazoans have diverged. Current 
debate concerns whether the metazoa are 
monophyletic or polyphyletic and what the ances- 
tral metazoa were like. Some investigators have 
insisted that poriferans arose independently from 
colonial flagellates, whereas other metazoans 
evolved from syncytial ciliates [8, 25]. 

Advances in molecular biology have provided 
some answers to the problems posed by evolution- 
ary biologists. Comparisons based on molecular 
data, such as the amino acid sequences of certain 
proteins and the nucleotide sequences of certain 
RNAs and DNAs, provide powerful tools with 
which the phylogenetic relationships among ani- 
mal groups are deducible more objectively than 
others [13, 20]. In particular, the small ribosomal 
subunit (16 or 18S) RNA or its gene (16 or 18S 
rDNA) is ideally suited for phylogenetic studies of 
distantly related organisms, because it is rich in 
information and the sequencing methodology per- 
mits the rapid accumulation of large databases [5, 
19]. A recent study of the molecular phylogeny of 
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metazoans based upon comparisons of sequences 
of 18S rRNAs has suggested that the metazoa are 
polyphyletic; Cnidarians (diploblasts) arose from a 
protist ancestry different from the Bilateria (tri- 
ploblasts) [7]. In addition, analysis of the origin of 
metazoans, using comparisons of sequences of 28S 
tRNAs, has demonstrated that triploblasts and 
diploblasts form two clearly separated units [4]. 
However, the suggestion of polyphyletic origin of 
metazoans from the above-mentioned studies [4, 
7], was based upon comparisons of partial nuc- 
leotide sequences; about 840 bases of 18 and about 
290 bases of 28S rRNAs, respectively. 

Very recently, Wainright et al. [27] reported the 
evolutionary origin and early branching pattern of 
the animal kingdom. They inferred the phylogene- 
tic framework by comparing small subunit ribo- 
somal RNA sequences for two poriferans, a cnida- 
rian, a ctenophore, and a placozoan. The authors 
reported that the animal lineage is monophyletic 
and that animals and fungi share a common evolu- 
tionary history. We also examined the phylogene- 
tic position of diploblastic animals (two poriferans 
and a ctenophore). The species we examined 
however differed from those studied by Wainright 
et al. [27]. 


MATERIALS AND METHODS 


Animals 


Diploblasts examined in the present study were 
two poriferans Sycon calcaravis Hozawa (class 
Calcarea, order Sycettida) and Tetilla japonica 
Lampe (class Demospongiae, subclass Tetractino- 
morpha, order Spirophorida), and a ctenophore 
Beroe cucumis Fabricius (class Atentaculata, order 
Beroidea). The poriferans were collected in the 
vicinity of the Tateyama Marine Laboratory, 
Ochanomizu University, and the ctenophore in 
Kagoshima Bay. Eggs of T. japonica and whole 
animals of S. calcaravis and B. cucumis were 
frozen quickly in liquid nitrogen and kept at 
—80°C until use. 


Isolation of DNA 


High-molecular-weight genomic DNA was ex- 
tracted from the frozen samples by the method 
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described previously [26]. In brief, frozen and 
powdered samples were lysed in TE buffer (10 mM 
Tris-HCl, 0.1M EDTA, pH 8.0) that contained 
0.5% sodium dodecyl sulfate. After digesting 
samples with proteinase K (100 “g/ml) at 50°C for 
3 hr, DNA was extracted with phenol, and precipi- 
tated in ethanol and an equal volume of 5.0M 
ammonium acetate. Samples resuspended in TE 
buffer were further purified by RNase A digestion 
(20 ug/ml) at 37°C for 1 hr followed by ethanol 
precipitation. 


Amplification of small-subunit rDNA and sequenc- 
ing of the amplified DNA 

Almost the entire length of the 18S rDNA was 
amplified by the polymerase chain reaction (PCR) 
[22] in a thermal cycler (Perkin-Elmer Corp., 
Norwalk, CT, USA) using primers 0 (5°CTGGTT- 
GATCCTGCCAG3’) and 10 [5°CACCTAC- 
GGA(AT)ACCTTG3’]. These primers were de- 
signed referring to conserved regions of aligned 
eukaryote 18S rDNA sequences, with which 18S 
tDNA of deuterostomes could be amplified. Am- 
plification proceeded in 50 ul of 50mM KCI, 10 
mM Tris-HCl (pH 9.0), 0.1% Triton X-100, with 
0.2mM each dNTP, 50 pmol primers, template 
DNA (5-50 xg) and 1U Taq DNA polymerase 
(Toyobo Co. Ltd., Osaka, Japan). One of the 
primers was kinased prior to PCR at the 5’ termi- 
nal phosphate. The temperature regimen for 30 
cycles was 1 min at 94°C, 2 min at 42°C, and 3 min 
at 2i@: 

Amplified DNA was purified by electrophoresis 
in a 0.8% agarose gel and treated with lambda 
exonuclease (BRL, Bethesda, MD, USA) to 
obtain single-stranded DNA [11]. With the single- 
stranded DNA as the template, the nucleotide 
sequence was directly determined by dideoxy 
chain-termination [24] using Sequenase ver 2.0 
(United States Biochemical Corp., Cleveland, 
OH, USA) and [*°S]-dATP (Amersham Japan, 
Tokyo, Japan). In addition to primers 0 and 10, 
primers 8 (5°;CCGGAGAGGGAGCCTGA3’), 7 
(antisense analog of primer 8), 1 (5°; CAGCAGCC- 
GCGGTAATT3 ), 9 (antisense analog of primer 
1), 3 (°GCGAAAGCATTTGCCAA3’), 4 (anti- 
sense analog of primer 3), 5 [5 GAAACT(TC)- 
AAAGGAAT3 ], 6 (antisense analog of primer 
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5), and 2 [5 ACGGGCGGTGTGT(AG)C3’] were 
used for sequencing. As shown previously, se- 
quences of 18S rDNA can be determined more 
accurately than those of 18S rRNA [26]. 


Comparison of sequences and inferences regarding 
phylogeny 

Sequences were aligned on the basis of max- 
imum nucleotide similarity. Using the aligned 
sequences, we calculated the evolutionary distance 
values in a pair-wise manner, as described by Jukes 
and Cantor [16]. The phylogenetic tree was con- 
structed from an analysis of results by the neigh- 
bor-joining method of Saitou and Nei [23]. The 
degree of support for internal branches of the tree 
was further assessed by bootstrapping [6]. 


RESULTS 


Almost the entire length of the 18S rDNA of 


two species of poriferan and a species of cte- 
nophore was amplified by PCR, and the complete 
nucleotide (more than 1600 nucleotide) sequences 
of the amplified products of PCR, except for the 5’ 
and 3’ termini, were determined directly without 
cloning. The nucleotide sequence data reported in 
this study will appear in the DDBJ, EMBL and 
GenBank Nucleotide Sequence Database under 
the following accession number; D15066 for Sycon 
calcaravis, D15067 for Tetilla japonica, and 
D15068 for Beroe cucumis. 

The nucleotide sequences of the three diplo- 
blasts were aligned with those of Anemonia sulcata, 
Artemia salina, Homo sapiens and other eukary- 
otes [5, 19] on the basis of maximum nucleotide 
similarity; the alignment of 1269 nucleotides was 
analysed. Figure 1 shows a phylogenetic tree of a 
variety of organisms, constructed by neighbor- 
joining [23]. The tree clearly indicated that the 
metazoans form an independent, monophyletic 
unit. In other words, the four species of diplo- 
blasts and two species of triploblasts formed a 
discrete unit of monophyletic origin. This group- 
ing of the metazoa was supported by the high value 
obtained by bootstrapping (73.8%) [6]. The tree 
also suggested that animals and fungi share an 
evolutionary history; the branching of the two 
groups from the others was supported by the high 


bootstrapping value (83%). 

Because the monophyly of the metazoans was 
demonstrated in Fig. 1, we further analyzed the 
phylogenetic relationships between diploblasts and 
triploblasts by adding data from the flatworm 
Schistosoma mansoli [5] and by taking the yeast 
Saccharomyces cerevisiae as an outgroup. About 
60 confidently aligned sites were added in this 
analysis. These sites were relatively variable and 
contained information useful to increase the preci- 
sion of analysis. The structural similarity and 
evolutionary distance values of these organisms 
are shown in Table1. The phylogenetic tree 
constructed using the distance values, is shown in 
Fig. 2. The tree suggested that the two poriferan 
and a ctenophore species form one unit, while the 
cnidarian species and triploblasts form another. 
The branching of the former group was supported 
by the relatively higher value of bootstrapping 
(62%). 


DISCUSSION 


The present molecular phylogenetic study based 
upon comparisons of virtually complete nucleotide 
sequences of 18S rDNAs showed that the metazoa 
are of monophyletic origin. Although this study 
did not include placozoa, the grouping of the 
metazoans as a discrete taxonomic unit was sup- 
ported by the high value obtained by bootstrap- 
ping. This result corroborates the results of Wain- 
right et al. [27] but not the previous suggestion that 
the metazoa are polyphyletic. A study of the 
molecular phylogeny of the animal kingdom 
pioneered by Field et al. [7] suggested that cnida- 
rians arise from a protist ancestry different from 
the bilaterians. However, Lake [18] has studied 
the animal phylogeny by another systematic 
method, using the sequence data reported by Field 
et al., and he concluded that the metazoa are a 
monophyletic taxon. An analysis by Christen et al. 
[4] suggested that triploblasts and diploblasts form 
two clearly separated monophyletic units. Howev- 
er, their main conclusion was that the origin of 
triploblasts is much more ancient, with respect to 
diploblasts, than was classically assumed. 

The evolutionary pathway from unicellular 
organisms to multicellular animals has been a 
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Fic. 1. General phylogenetic tree of eukaryotes, as deduced by neighbor-joining using the fraction of observed 
substitution differences of confidently aligned sites. The scale bar indicates the evolutionary distance of 0.05 
nucleotide substitutions per sequence position. Numbers at each branch indicate the percentage of times a node 
was supported in 500 bootstrap pseudoreplications by neighbor-joining. The tree demonstrated the monophyletic 
origin of metazoans, including both diploblasts and triploblasts. 

This is an unrooted tree, because we could not include any outgroup organisms. Therefore, we cannot 
determine where the root of this tree is and what the ancestor of the organisms is. 
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TABLE 1. Structural similarity and evolutionary distance data for 18S rDNA sequences of metazoans and 
yeast 

Species Sy.ca. Teja.  Be.cu. An.su.  Sc.ma.  Ar.sa.  Ho.sa.  Sa.ce. 
Sycon calcaravis 0.0675 0.0749 0.0741 0.1722 0.1527 0.1554 0.0917 
Tetilla japonica 86 0.0900 0.0858 0.1828 0.16865 0.1610 0.0951 
Beroe cucumis 95 113 0.0875 0.1894 0.1789 0.1875 0.1071 
Anemonia sulcata 94 108 110 0.1713 0.1564 0.1564 0.0917 
Schistoma mansoni 205 215 223 204 0.1408 0.1345 0.1846 
Artemia salina 184 201 212 188 171 0.1203 0.1808 
Homo sapiens 187 193 221 188 164 148 0.1837 
Saccharomyces cerevisiae 115 119 133 155 218 214 217 


The lower-left half of the table gives the number of substitutions in which gaps are not included. The 
upper-right half of the table gives the evolutionary distance values (average number of nucleotide substitutions 


per sequence position) determined by the Jukes and Cantor (1969) [16] formula. 


The sequence data for A. 


sulucata, S. mansoni, A. salina, H. sapiens and S. cerevisiae were obtained from references 5 and 19. 


Saccharomyces cerevisiae 


Schistoma mansoni 


Sycon calcaravis 
Tetilla japonica 


0.05unit 


Anemonia sulcata 


Homo sapiens 


Artemia salina 


Beroe cucumis 


Fic. 2. Phylogenetic relationships of diploblasts with triploblasts (Schistosoma mansoni, Artemia salina, and Homo 
sapiens) as deduced by reference to yeast as the out group. The tree was constructed by neighbor-joining. The 
scale bar indicates an evolutionary distance of 0.05 nucleotide substitutions per sequence position. Numbers at 
each branch indicate the percentage of times a node was supported in 500 bootstrap pseudoreplications by 
neighbor-joining. The ctenophore Beroe forms a unit with poriferans. 


subject of extensive investigation and vigorous 
discussion for more than a century [1, 2, 8-10, 15, 
21, 25, 28]. The emergence of metazoans has been 
explained by two major theories; the syncytial 


theory (from a multinucleated ciliate) [8, 10] and 
the colonial theory (from a colonial flagellate) [9, 
15]. Although the present molecular data as well 
as those shown by Field et al. [4] and Christen et al. 
[7] do not allow clarification of this point, the 
branching among the metazoans shown in Figs. 1 


and 2 implies two divergences of the metazoans; 
one evolved a variety of diploblasts and the other 
that occurred later, evolved a variety of triplo- 
blasts. These two divergences are also suggested 
from paleontology [3]. The former is the Vendian 
radiation which gave rise to Ediacaran assemblage, 
and the latter is the Cambrian explosion. The first 
Vendian radiation may have occurred soon after 
multicellular animals derived from other protists. 
The rapid explosion, together with the relatively 
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higher rate of substitutions observed in the se- 
quences of 18S rDNA of triploblasts, made it 
difficult to elucidate the affinity between triplo- 
blasts and diploblasts. These may be the reasons 
why previous studies of partial 18 and 28S rRNA 
sequences could not show the monophyly of the 
metazoa. 

A phylogenetic tree constructed from the 5S 
tRNA sequences suggested a slightly earlier e- 
mergence of platyhelminthes (Dugesia japonica; 
Tricladida) and nematodes (eg, Caenorhabditis 
elegans) than those of other metazoans, including 
diploblasts and other bilateralia [14]. However, 
that view was not supported by a recent compari- 
son of partial 18S rDNA sequences by Katayama et 
al. [17]. Instead, Katayama et al. [17] suggested 
the early emergence of the acoel turbellarians in 
metazoic evolution; they might be some of the 
closest multicellular animals to the metazoan 
ancestors. Although Fig. 2 indicates a grouping of 
Schistoma mansoni (Platyhelminthes, Trematoda) 
and the two other triploblasts, the phylogenetic 
relationship between the diploblasts and the acoel 
turbellarians should be subject of further study 
based upon the comparison of almost complete 
sequences of 18S rDNA. 

Another suggestion of the present study, was the 
phylogenetic position of the ctenophore. Classical- 
ly ctenophores were positioned closely to cnida- 
rians [15]. However, the presence of true mesen- 
chymal muscle cells and gonoducts no longer sup- 
ports the supposed affinity but suggests its closer 
relationships to platyhelminths [12]. As evident in 
Fig. 2, however, the present analysis suggested a 
close molecular similarity between the poriferans 
and the ctenophore. This will be examined in 
further studies. 

In conclusion, together with a study of Wain- 
right et al. [27], the present study supports the 
monophyly of the metazoa. 
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Oribatid Mites from Tropical Forests of Yunnan Province in China 
II. Families Galumnidae and Galumnellidae 
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Yokohama 240, Japan and *Shanghai Institute of Entomology, 
Academia Sinica, Shanghai 200025, China 


ABSTRACT— One new genus, seven new species and two new subspecies of oribatid mites belonging 
to the families Galumnidae and Galumnellidae are described from Yunnan Province of southern China: 
Kinezogalumna calcicola gen. n. et sp. n., Pergalumna menglunensis sp. n., P. imadatei sp. n., P. 
magnipora xishuangbanna subsp. n., P. intermedia retroversa subsp. n., Galumna weni sp. n., 
Acrogalumna bipartita sp. n., Cosmogalumna imperfecta sp. n. and Porogalumnella pulchella sp. n. 


The first report on oribatid mites of Yunnan 
dealing with the family Lohmanniidae [16] is suc- 
ceeded here by the present paper dealing with the 
families Galumnidae and Galumnellidae. It 
appears to be one of the characteristic feature of 
oribatid fauna in Yunnan Province that the galum- 
noid mites (superfamily Galumnoidea) are much 
abundant both in the density and in the number of 
species. All the galumnoids collected in the tropic- 
al forests (the stations: xi-1, xi-2, xi-3 and xi-4) of 
Xishuangbanna of Yunnan are found to be new 
species or new subspecies, which are described 
below. A new genus is elected for one of the new 
species. 


DESCRIPTION 


Family Galumnidae 
Kinezogalumna gen. n. 


Diagnosis. Prodorsum on each side with a 
lateral carina S and a short, well sclerotized lamel- 
lar ridge, on which lamellar seta is inserted. Dor- 
sosejugal suture incomplete medially. Sensilli 
long, without a strongly swollen head. Genital 
plates with 6 pairs of setae. Notogaster with 4 pairs 
of areae porosae. Legs heterotridactyle. 

In the position of lamellar setae (seta le is 
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inserted just behind lamellar carina L), the genera 
Galumna and Kinezogalumna are similar to each 
other. In the genus Galumna, however, the lamel- 
lar carina L forms only a thin curved line parallel 
to the carina S, while in the genus Kinezogalumna 
the lamellar carina L constitute a short broad ridge 
which is strongly sclerotized. The long sensilli 
which are directed backward with an elbow are 
also peculiar to the new genus. 
Type species: Kinezogalumna calcicola sp. n. 


Kinezogalumna calcicola sp. n. 
(Figs. 1-5) 


Measurement. Body length 284-288 um, width 
220-227 um. 

Prodorsum. Prodorsal setae thin and nearly 
smooth; relative length of them—ro:le:in= 
(1.0) ;(1.2-1.3) :(1.8-1.9); seta in winding and 
directed upward. On the lateral side of prodor- 
sum, in front of carina S, found a short but distinct 
lamellar ridge; seta /e inserted near the anterior 
(ventral) extremity of the ridge. Sensillus very 
long and setiform, being directed laterad and then 
bending backward, the apical half being slightly 
thickened and barbed unilaterally (Fig. 1). 

Notogaster. Dorsosejugal suture incomplete 
medially, only discernible between bothridium and 
area porosa Ad on each side; Ad elongate drop- 
shaped. Four pairs of notogasteral areae porosae 
rounded, Aa the largest and Aa (sometimes A, and 
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Fics. 1-5. 
4 Dorsal side. 5 Ventral side. Bars, 30 um. 


Az) the smallest (Aa>A3>A,=A)z, Fig. 2). Noto- 
gastral setae invisible, only their alveoli detected. 
No central pore present. Notogastral surface 
showing indistinct pattern of network or radiating 
lines in front of areae porosae Aj. 

Anogenital region. Formula of anogenital setae: 
6-1-2-3. Both genital and anal aperture slightly 
wider than long. Mutual distance of aggenital 
setae longer than the width of genital aperture and 
shorter than that of anal one; setae ag situated a 
little anterior to the level mid-distance along the 
interspace of the both apertures. Adanal seta ad; 
situated just outside adanal fissure iad or a little 
more anteriorly. An elliptical area porosa Ap 


Kinezogalumna calcicola sp. n. 1 Sensillus. 2 Areae porosae on notogaster. 3 Lateral view of prodorsum. 


located posterior to anal opening. 

Holotype and 12 paratypes: Tropical limestone 
forest (natural forest) in Menglun, Xishuangbanna 
(xi-4), 30-X-1992.—2 paratypes: Tropical rain 
forest (secondary forest) in Xishuangbanna Tro- 
pical Botanic Garden in Menglun (xi-3), 28-X- 
1992. All in Yunnan Province in China, collected 
by J. Aoki and S.-h. Hu. The holotype (SIE-Ori 
921) and 8 paratypes (SIE-Ori 922-929) are depo- 
sited in the collection of Shanghai Institute of 
Entomology, Academia Sinica, Shanghai and the 
remaining paratypes (NSMT-Ac 10451-10452) in 
the collection of National Science Museum, 
Tokyo. 
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Pergalumna menglunensis sp. n. 6 Dorsal side. 7 Surface structure around area porosa A;. 8 Surface 


Fics. 6-10. 


structure on the middle part of notogaster. 9 Bothridium with sensillus and their vicinity. 10 Ventral side. Bars, 


30 ym. 
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Pergalumna menglunensis sp. n. 
(Figs. 6-10) 


Measurement. Body length 408-485 um, width 
298-352 um. 

Prodorsum. Rostrum rounded in dorsal view. 
Setae ro and /e weakly barbed unilaterally; seta le 
inserted on a small apophysis; seta in as long as le, 
slightly barbed. Surface of prodorsum ornamented 
by short, irregular ridges arranged in various direc- 
tions. Sensillus long, curved posteriad, with dis- 
tinct spines (about 20-25 in the number) on the 
outside in distal half of sensillus and a few spines 
(about 5-8 in the number) on the inside in distal 
one third of sensillus. 

Notogaster. Dorsosejugal suture absent, but its 
assumptive position noticed by the change of sur- 
face structure; short irregular ridges on prodorsum 
changing on notogaster to long, longitudinally 
arranged ridges; the ridges flowing smoothly, 
weakly winding, branching and vanishing here and 
there (Fig. 8). No notogastral setae visible, but 
alveoli distinct, each with a dark ring. Three pairs 
of areae porosae; the anterior and middle ones 
similar in size, the posterior one somewhat smal- 
ler. Longitudinal ridge-like ornamentation becom- 
ing shorter and rather granule-like posteriorly 
around middle and posterior areae porosae (Fig. 
7). Usually with a median pori. Pteromorpha with 
striation of irregular ridges. 

Anogenital region. Formula of anogenital setae: 
6-1-2-3. Genital plate longitudinally striated with 
7-8 striae. Genital seta g, inserted close to the 
posterior margin and g4—g, on the anterior margin 
of genital plate. Anal, epimeral and ventral plate 
ornamented with short irregular ridges. Adanal 
seta ad, 2-3X as long as ad); seta ad; the shortest. 
Adanal fissure iad situated between seta ad3 and 
lateral margin of anal plate. Legs heterotridactyle. 

Holotype and 5 paratypes: Tropical limestone 
forest (natural forest) in Menglun, Xishuangbanna 
(xi-4 and xi-5), 30-X-1992.—21 paratypes: Tropic- 
al rain forest (natural forest) in Xishuangbanna 
Tropical Botanic Garden, Menglun (xi-2), 28-X- 
1992.—2 paratypes: Tropical rain forest (secon- 
dary forest) in Xishuangbanna Tropical Botanic 
Garden, Menglun (xi-3), 28-X-1992. All the speci- 
mens collected by J. Aoki and S.-h. Hu. The 


holotype (SIE-Ori 9210) and 18 paratypes (SIE- 
Ori 9211-9216) are deposited in the collection of 
Shanghai Institute of Entomology and 10 para- 
types (NSMT-Ac 10453-10455) in the collection of 
National Science Museum, Tokyo. 

Remarks. Several known species of the genus 
Pergalumna have dorsal ornamentation of longitu- 
dinal ridges as in the new species. Pergalumna 
margaritata Mahunka, 1989, from Vietnam is most 
similar to the new species in lacking dorsosejugal 
suture, and in having long interlamellar setae, 
notogaster concave at posterior end, and adanal 
seta ad; distinctly longer than ad), but it is disting- 
uishable from the new species by (1) the notogas- 
tral sculpture similar to the prodorsal one. (2) 
pteromorpha with polygonal sculpture, and (3) 
genital plates each with only two longitudinal 
scratches [20]. The other four species with longitu- 
dinal scupture on dorsum are rather easily sepa- 
rated from the new species by the following fea- 
tures: P. decorata Balogh et Mahunka, 1977, from 
Bolivia by (1) the minute interlamellar setae, (2) 
the short and glabrous sensilli, and (3) the distinct 
dorsosejugal suture [9]. P. complicata Balogh et 
Mahunka, 1978 from Brazil by (1) the sensilli 
weakly thickened in the middle portion, (2) the 
distinct dorsosejugal suture and (3) the well visible 
notogastral setae [11]. P. strigulata Mahunka, 
1978 from Maurice Island by (1) the smooth sensil- 
li and (2) the more elongated body [17]. P. 
decoratissima Pérez-Inigo et Baggio, 1986 from 
Cardoso Island by (1) the pointed rostrum, (2) the 
seta le twice as long as seta ro, (3) the distinct 
dorsosejugal suture, and (4) the larger body size 
(810-860 um) [21]. 


Pergalumna imadatei sp. n. 
(Figs. 11-13) 


Measurement. Body length 527-612 »m, width 
390-428 um. 

Prodorsum. Rostrum with a rounded protru- 
sion. Prodorsum densely, but weakly punctured. 
Prodorsal setae thin, slightly roughened; setae /e a 
little longer than half the length of their mutual 
distance; setae in directed upward, nearly as long 
as setae Je. Sensillus thin, almost smooth and 


short, only a little longer than seta /Je. Area porosa 
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Fics. 11-13. Pergalumna imadatei sp. n. 11 Dorsal side. 12 Pteromorpha. 13 Anal region. Bar, 100 um. 


Ad small and drop-shaped. 

Notogaster. Dorsosejugal suture absent. Shape 
of notogaster rather elongated. Three pairs of 
areae porosae very small and nearly circular, most- 
ly of the same size, but often A; somewhat larger 
than the other areae porosae; area porosa Aj, 
lyrifissure im, lateroabdominal gland opening gla 
and seta r3 situated close together. A pair of 
groups of several clear light spots found behind 
setae ms; more numerous indistinct light spots of 
irregular shapes located peripherally and also be- 
tween areae porosae Aa and A;. No central pore 
exists. Anterior portion of pteromorpha showing 
fine and dense wrinkles and light spots near the 
margin. 

Anogenital region. Genital plates smooth on the 
surface. Genital setae gs and ge close together, 
inserted near the anterior margin of genital plate; 
distance between g, and g> as well as that between 
g> and g3 wide; distance between g3 and gy, as well 
as that between g, and gs short. Mutual distance 
ag-ag shorter than width of genital aperture. Anal 
plate finely punctured and somewhat darker than 
ventral plate around it. Adanal fissure iad close 


and parallel to lateral margin of anal plate. Adanal 
seta ad; located in a level anterior to iad. 

Holotype and 3 paratypes: Tropical rain forest 
(secondary forest) in Xishuangbanna Tropical 
Botanic Garden, Menglun (xi-3), 28-X-1992. Col- 
lected by J, Aoki and S.-h. Hu. The holotype 
(SIE-Ori 9217) and 2 paratypes (SIE-Ori 9218- 
9219) are deposited in the collection of Shanghai 
Institute of Entomology, Shanghai and 1 paratype 
(NSMT-Ac 10456) in the collection of National 
Science Museum, Tokyo. 

Remarks. Having small areae porosae, Perga- 
lumna mauriti Mahunka, 1978 from Maurice Is- 
land, P. sulcatomarginata Mahunka, 1986 from 
Kenya and P. kotschyi Mahunka, 1989 from Viet- 
nam show resemblance to the new species, but 
their sensilli are finely barbed, not almost glabrous 
as those of the new species [7, 19, 20]. Mutual 
distance of areae porosae Aa is short in the species 
in comparison, shorter than, or at most equal to, 
the mutual distance of notogastral setae ms, while 
the mutual distance of Aa in the new species is 
longer than that of setae ms (distance [Aa— Aa]= 
1.37 [ms—ms]). The name of the new species is 
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dedicated to Prof. Gentaro Imadaté of Tokyo 
Medical and Dental University, who made an 
initial and important contribution to organize the 
Sino-Japanese cooperative project on soil zoology. 


Pergalumna magnipora xishuangbanna subsp. n. 
(Figs. 14-18) 


Measurement. Body length 822-833 um, width 
618-650 um. 

Prodorsum. Rostral seta ro weakly barbed; 
setae Je and in thin and slightly barbed, nearly 
equal in length; setae in half as long as their mutual 
distance, inserted in a dark-colored ring almost 
contiguous to dorsophragmatic apophysis. Area 
porosa Ad elongate, situated lateral to these 
organs. Sensillus thin, setiform and nude, without 
barbation, longer than seta in. In lateral view, a 
faint network of polygonal structures found be- 
tween carina S and tutorium (Fig. 14). 

Notogaster. Surface glabrous. No notogastral 


setae visible, only their alveoli detected. Three 
pairs of areae porosae: Ad and A, elongate oval, 
A3 rounded and smaller than the formers; Aa and 
A, not so different in size, sometimes Aa a little 
larger than A,, sometimes vise versa. Pteromor- 
pha with dark-colored radiating pattern. 

Anogenital region. Formula of anogenital setae: 
6-1-2-3. Genital plate with a dark longitudinal 
ridge near the median margin of the plate (Fig. 
17). Genital seta g, on the posterior margin, gs 
and g¢ on the anterior margin, and g>-g, arranged 
lateral to the longitudinal ridge. Anal and adanal 
setae rather thick. Adanal fissure iad located in a 
level a little anterior to seta ad3. 

Legs. Solenidion w; on tarsus I waving in 
S-shape in basal portion (Fig. 15). All legs heter- 
otridactyle. 

Holotype and 1 paratype: Tropical limestone 
forest (natural forest) in Menglun, Xishuangbanna 
(xi-4), 30-X-1992.—S paratypes: Tropical rain 
forest (natural forest) in Xishuangbanna Tropical 


Fics. 14-18. Pergalumna magnipora xishuangbanna subsp. n. 14 Lateral view of the anterior half of body. 15 Leg I. 
16 Dorsal side. 17 Genital plate. 18 Anal plate and adanal setae. Bars, 100 “m. 
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Botanic Garden, Menglun (xi-1, xi-2), 28-X-1992. 
All collected by J. Aoki and S.-h. Hu. The 
holotype (SIE-Ori 9220) and 4 paratypes (SIE-Ori 
9221-9224) are deposited in the collection of Shan- 
ghai Institute of Entomology, Shanghai and 2 
paratypes (NSMT-Ac 10457-10458) in the collec- 
tion of National Science Museum, Tokyo. 


Key to the Subspecies of 
Pergalumna magnipora (Hammer, 1961) 


1 Posterior part of prodorsum finely striped; 
central pore found on notogaster; four small 
protruding knots and some short thick hairs 
on the posterior part of notogaster; 750x598 
_UEDE P71. sengagdoo00s sonpueccboabengecosngogqg0000r0000 
P. magnipora magnipora Hammer, 1961 [14] 

— Posterior part of prodorsum glabrous; no cen- 
tral pore on notogaster; neither knots nor 
hairs on the posterior part of notogaster ...... Zz 

2  Sensillius distinctly barbed; areae porosae Aa 
and A, very large and strongly elongated; 576 
X 426 wm; South Affica.............cceceenee eens P. 


magnipora capensis Engelbrecht, 1972 [13] 
— Sensillus glabrous; areae porosae not so large 
and elongated (Aa at most 4X as long as wide) 


3. Areae porosae Aa distinctly longer than Aj; 
interlamellar setae about 1/3 as long as their 
mutual distance; genital plates without longi- 
tudinal ridges; 742-845 x 589-653 um; Japan 
aeegaaey P. magnipora capillaris Aoki, 1961 [1] 

—  Areae porosae Aa not so different in shape 
from A,; interlamellar setae half as long as 
their mutual distnace; genital plates each with 
a dark-colored longitudinal ridge; 822-840 x 
618-650 4m; South China..................0.0..08 
abascenac P. magnipora xishuangbanna subsp. n. 


Pergalumna intermedia retroversa subsp. n. 
(Figs. 19-22) 
Measurement. Body length 390-435 ~m, width 
282-315 um. 


Very close to the nominate subspecies, Perga- 
lumna intermedia intermedia Aoki, 1963 of Japan 


Fics. 19-22. Pergalumna intermedia retroversa subsp. n. 19 Dorsal side. 20 Sensillus. 21 Anal region. 22 Area 


porosa A, and its vicinity (in lateral view). 
Fic. 23. 


Pergalumna intermedia intermedia Aoki 1963. Sensillus. Bars, 50 um. 
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[2], but differing from this in the longer and more 
slender sensilli strongly bending backward (com- 
pare Figs. 20 and 23). Rostral setae very short and 
invisible in dorsal aspect. Genital plate with 2-3 
longitudinal striae as in the nominate subspecies. 
Pergalumna jongkyui Choi, 1986 from Korea is 
similar to the new subspecies in having long and 
bending sensilli, but its notogastral areae porosae 
are very large, especially the posteriormost ones 
[12]. Pergalumna parva Pérez-Inigo et Baggio, 
1986 from Brazil bears also similar sensilli, but it 
differs from the new subspecies in the presence of 
4 pairs of areae porosae, reduced interlamellar 
setae (only their alveoli visible), the presence of 
postanal area porosa Ap, adanal setae ad; located 


DPDE 


ES O 


Fics. 24-28. 


a little anterior to adanal fissure iad and the 
smaller body size (276-348 x 228-300 um) [21]. 

Holotype and 11 paratypes: Tropical rain forest 
(natural forest) in Xishuangbanna Tropical Bota- 
nic Garden in Menglun (xi-2), 28-X-1992. Col- 
lected by J. Aoki and S.-h. Hu. The holotype 
(SIE-Ori 9225) and 6 paratypes (SIE-Ori 9226- 
9231) are deposited in the collection of Shanghai 
Institute of Entomology, Shanghai and 5 paratypes 
(NSMT-Ac 10459) in the collection of National 
Science Museum, Tokyo. 


Galumna weni sp. n. 
(Figs. 24-28) 


Galumna weni sp. n. 24 Areae porosae Aa showing their variation in shape. 25 Sensillus. 26 Lateral 


view of prodorsum. 27 Dorsal side. 28 Ventral side. Bars, 50 “m. 
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Measurement. Body length 515-520 “m, width 
362-370 um. 

Prodorsum. Rostrum somewhat swelling in 
lateral view, with uneven surface structure in the 
posterior part (Fig. 26). Rostral and lamellar setae 
fine, Je a little longer than ro. Interlamellar setae 
in somewhat thicker than /e, directed upward. 
Carina L disappearing in front of seta in. A fairly 
large area porosa Ad situated behind seta in. 
Sensillus bearing a slender lanceolate head with 
barbation (Fig. 25). 

Notogaster. Dorsosejugal suture indistinct, 
almost disappearing medially. Lateral part of 
notogaster in the vicinity of the posterior end of 
pteromorpha on each side distinctly swelling out in 
dorsal view (Fig. 27). Four pairs of areae porosae 
large; Aa wedge-shaped or boot-shaped (Fig. 24); 
A, nearly circular, A> and A; elliptical. Lyrifissure 
im and lateroabdominal gland opening g/a situated 
around Aa, but both the organs faint and difficult 
to detect. Central pore present. Pteromorpha 
with faint radiating pattern. 

Anogenital region. Genital aperture as long as 
wide. Anterior genital setae arranged along the 
anterior margin of genital plate, gs; and g¢ being 
very close together. Aggenital setae ag situated in 
a level mid-distance along interspace between 
genital and anal openings or a little more post- 
erior; their mutual distance narrower than the 
width of genital opening. Anal aperture wider 
than long. Adanal fissure iad located anterior to 
adanal seta ad3;. An elongate ribbon-shaped post- 
anal area porosa Ap present. 

Holotype and 3 paratypes: Tropical limestone 
forest (natural forest) in Menglun, Xishuangbanna 
(xi-4), 30-X-1992. Collected by J. Aoki and S.-h. 
Hu. The holotype (SIE-Ori 9232) and 2 paratypes 
(SIE-Ori 9223-9234) are deposited in the collec- 
tion of Shanghai Institute of Entomology, Shan- 
ghai and 1 paratype (NSMT-Ac 10460) in the 
collection of National Science Museum, Tokyo. 

Remarks. Galumna monticola Hammer, 1977 
from Pakistan, G. monteithi Balogh et Mahunka, 
1978 from Australia, G. hamifer Mahunka, 1985 
from Guadeloupe, G. /ongiporosa Choi, 1986 from 
Korea and G. changchunensis Wen, 1987 from 
North China are similar to the new species in 
having sensilli with a weakly swollen lanceolate 


head and more or less elongated areae porosae Aa. 
Among them, G. monticola and G. hamifer differ 
from the new species in more elongated L-shaped 
areae porosae Aa [15, 18]. On the contrary, Aa of 
G. monteithi and G. changchunensis are shorter 
than those of the new species [10, 23]. In G. 
changchunesis, prodorsal setae are barbed and 
genital plates with fine longitudinal striation [23]. 
Areae porosae Aa of G. longiporosa are most 
similar in shape to those of the new species, but the 
Korean species is distinguishable from the new 
species by (1) central pore situated behind the 
level of areae porosae Aj, (2) prodorsal setae 
distinctly barbed, (3) sensilli with a more distinct 
head, and (4) small light spots scattered in front of 
A, [12]. 

The name of the new species is dedicated to 
Prof. Wen Zai Gen of Normal Bethune University 
of Medical Sciences in Changchun, who reported 
for the first time orbatid mites from Yunnan 
Province [22]. 


Acrogalumna bipartita sp. n. 
(Fig. 29-32) 


Measurement. Body length 760-765 ~m, width 
600-610 «zm. 

Prodorsum. Prodorsal setae much different in 
length from one another; seta in very long and 
slightly roughened, more than twice as long as /e; 
seta ro very short and fine, about 1/3 as long as le. 
Area porosa Ad situated very close to insertion of 
seta in. Sensillus slender, with a small lanceolate 
head sharply pointed at tip, without ciliation (Fig. 
30). 

Notogaster. Dorsosejugal suture interrupted 
medially between dorsophragmatic apophyses 
(hy). Notogaster appearing to be much larger than 
comparatively small prodorsum. Notogastral setae 
invisible, only their alveoli discernible. Five pairs 
of areae porosae rounded or oval, but irregular in 
outline and pores inside also irregular in shape and 
large (Fig. 30); Aa divided into two parts, the 
lateral one small and the median one elliptical and 
the largest; A; and A, rounded, smaller than 
elongate A; (Fig. 32). A series of light spots 
arranged peripherally on notogaster. 

Anogenital region. Formula of anogenital setae: 
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E 


Fics. 29-32. 


6-1-2-3. All the setae short and fine. Two 
anterior setae of 6 genital setae inserted on the 
anterior margin of genital plate. Adanal setae ad; 
and ad) situated behind, ad; lateral to anal open- 
ing. Adanal fissure iad aligned obliquely and 
located in front of seta ad3 (Fig. 31). Legs heterot- 
ridactyle. 

Holotype and 1 paratype: Tropical rain forest 
(natural forest) in Xishuangbanna Tropical Bota- 
nic Garden in Menglun (xi-1), 28-X-1992. Col- 
lected by J. Aoki and S.-h.Hu. The holotype 
(SIE-Ori 9235) is deposited in the collection of 
Shanghai Institute of Entomology, Shanghai and 1 
paratype (NSMT-Ac 10461) in the collection of 
National Science Museum, Tokyo. 

Remarks. Acrogalumna shogranensis Hammer, 
1977 from Pakistan has sensilli with a lanceolate 
head as in the new species, but is distinguishable 
from the new species by (1) the areae porosae Aa 
undivided and elongated in the direction parallel 


Acrogalumna bipartita sp. n. 29 Lamellar seta. 30 Sensillus, area porosa Aa and their vicinity (left 
side). 31 Anal region. 32 Dorsal side. Bars, 100 um. 


to lateral margin of notogaster, (2) the larger 
sensilli bending backward, and (3) the adanal 
fissure iad and adanal seta ad3 arranged nearly side 
by side [15]. A. macahdoi Balogh, 1960 from 
Congo has setiform sensilli with distinct barbation 
[5S], but the specimens collected later in South 
Africa by Engelbrecht [13] have sensillar head 
which is incrassate and tapering to apex. In both 
the forms the sensilli are distinctly barbed, areae 
porosae Aa not divided into two parts and they 
differ from the new species. 


Cosmogalumna imperfecta sp. n. 
(Figs. 33-38) 


Measurement. Body length 326-365 ~m, width 
276-287 um. 

Prodorsum. Prodorsal setae invisible, only their 
alveoli discernible. Sensillus directed toward later- 
al or lateroanterior direction, bearing a clavate 
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Fics. 33-38. 


head with tiny barbs apically (Fig. 34). 

Notogaster. Middle part of notogaster decorated 
with polygonal network in part as in Fig. 37, the 
remaining part glabrous. Notogastral setae invisi- 
ble, only 10 pairs of alveoli being discernible. Four 
pairs of areae porosae circular in shape; Aa twice 
as large as A;; A> the smallest. Central pore found 
between areae porosae A,;. Pteromorphae glab- 
rous, without polygonal network. 

Anogenital region. Formula of anogenital setae: 
6—1-2-3. Genital setae g, g. and g3 appearing to 
be thick and dark-colored, but a close examination 
reveals that they each have a dark-colored inner 
capsule and a fine seta is inserted at the end of the 
capsule (Fig. 33); setae gs, gs and gs normal, 


Cosmogalumna imperfecta sp. n. 33 Genital plate. 
ventral plate. 36 Lateral view of prodorsum. 37 Dorsal side. 38 Ventral side. 


SO AA StS 
SIGAAG Cr +t SO 
LAA a vests see O Le Daa 4 


34 Sensilli. 35 Area porosae on notogaster and 


Bars, 30 um. 


longer than the former setae, arranged along the 
anterior margin of genital plate. Aggenital, anal 
and adanal setae seemingly have also capsules, but 
not so long and distinct as in the case of genital 
setae gi-g3. Adanal setae ad, and ad, inserted 
behind anal aperture, but ad; far anteriorly in the 
level of any. Adanal fissure iad very small, situated 
between ad; and lateral margin of anal plate. Area 
porosa postanalis elongate oval. Ventral plate 
ornamented with polygonal network only in part as 
in Fig. 38, the network being arranged like a 
transverse band between genital and anal aper- 
tures. 

Holotype and 5 paratypes: Tropical rain forest 
(natural forest) in Xishuangbanna Tropical Bota- 
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nic Garden, Menglun (xi-1), 28-X-1992.—7 para- 
types: the same locality and the same collecting 
date (xi-2).—13 paratypes: Tropical rain forest 
(secondary forest) in Xishuangbanna Tropical 
Botanic Garden, Menglun (xi-3), 28-X-1992.—24 
paratypes: Tropical limestone forest (natural 
forest) in Menglun, Xishuangbanna (xi-4 and xi-5), 
30-X-1992. J. Aoki and S.-h. Hu. The holotype 
(SIE-Ori 9236) and 46 paratypes (SIE-Ori 9237- 
9255) are deposited in the collection of Shanghai 
Institute of Entomology, Shanghai and 10 para- 
types (NSMT-Ac 10462-10463) in the collection of 
National Science Museum, Tokyo. 

Remarks. The type species of the genus, Cos- 
mogalumna ornata Aoki, 1988 from Tokara Is- 
lands (South Japan) differs from the new species in 
(1) notogaster wholly covered by polygonal net- 
work and (2) granules covering pteromorphae and 
those surrounding notogastral areae porosae [3]. 


Fics. 39-41. 
pm. 


Family Galumnellidae 
Porogalumnella pulchella sp. n. 
(Figs. 39-41) 


Measurement. Body length 302(323)355 um, 
width 242(265)288 «m. 

Prodorsum. Rostrum projecting. Prodorsum 
showing indistinct polygonal network in the middle 
part and fine granules on the whole surface. 
Lamellar seta invisible, but its insertion pore situ- 
ated between lines L and S. Interlamellar seta also 
invisible, its pore found close to the median margin 
of lamellar ridge. Sensillus strongly curved, bend- 
ing backward, distal portion weakly swollen and 
densely barbed, tip sharply pointed (Fig. 40). 
Posterolateral margin of prodorsum behind bothri- 
dium rounded and swelling out (Fig. 40). 

Notogaster. Notogaster nearly as long as wide, 
anterior margin being weakly arched. Whole 
surface covered by fine granules and a network of 
polygons of different sizes and shapes; a pair of 
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Porogalumnella pulchella sp. n. 39 Dorsal side. 40 Sensillus and its vicinity. 41 Ventral side. Bars, 50 
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polygons just behind dorsosejugal suture the 
largest; cells of polygonal network becoming smal- 
ler toward posterior and marginal parts. Two pairs 
of small, but distinct areae porosae; one pair near 
the middle part of notogaster and the other on the 
lateral part, the former being smaller than the 
latter. A pair of areae porosae dorsosejugales 
(Ad) found near the anterior margin of notogaster. 
Pteromorpha also decorated with polygonal net- 
work except on the anterior and the posterior 
parts; fine granules covering whole surface of 
pteromorpha. 

Anogenital region. Genital aperture larger than 
anal one. Genital and anal plates covered with fine 
granules, without ornamentation of polygonal net- 
work. Anogenital setal formula: 6—1-2-3. Genit- 
al setae gs and gs, close together, inserted near 
anterior margin of the plate, g, somewhat lateral 
and posterior in position, g3 somewhat anterior to 
the mid-point of the plate, g, and g> near the 
posterior margin. Anal seta an located near the 
anterolateral corner of anal plate and an, fairly 
remote from the posterior margin. Adanal setae 
ad,, ady and ad; arranged almost in a straight line. 
Adanal fissure iad located anterior to anal aper- 
ture. A very small area porosa Ap located post- 
erior to anal opening, fairly distant from this. 
Ventral plate except in posterior part ornamented 
with polygonal network. 

Holotype and 22 paratypes: Tropical limestone 
forest (natural forest) in Menglun, Xishuangbanna 
(xi-5), 30-X-1992.—1 paratype: the same locality 
and the same collecting date (xi-4). All collected 
by J. Aoki and S.-h. Hu. The holotype (SIE-Ori 
9256) and 17 paratypes (SIE-Ori 9257-9261) are 
deposited in the collection of Shanghai Institute of 
Entomology, Shanghai and 6 paratypes (NSMT- 
Ac 10464) in the collection of National Science 
Museum, Tokyo. 

Remarks. In both the genera Galumnella and 
Porogalumnella there are many species with poly- 
gonal ornamentation on notogaster. Presence or 
absence of notogastral areae porosae dividing both 
the genera is, however, often difficult to determine 
because of their very small size as well as dark 
color and strong ornamentation of notogaster. 
From this reason, the key presented here includes 
the species of both the genera for practical use. 
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Key to the Species of the Genera Galumnella 


ce 


fon 


and Porogalumnella with Polygonal 
Sculpture on Notogaster 


Notogastral setae long and well visible; a 
median longitudinal groove on notogaster; 
410-422 x 320-344 um; India ....... Progalum- 
nella setosa Balakrishnan et Haq, 1982 [4] 
Notogastral setae invisible; no median groove 


OM MOLOPAStET......... ce ec ees ee sense eeeeeeeeeneeeees 2 
Pteromorphae without polygonal sculpture 
ETE eee eee ee ee asicitumisisclea elettiawientwisis wits 3 
Pteromorphae with polygonal sculpture ...... 7 
Pteromorphae foveolate ..................:0c0e0es 4 
Pteromorphae punctured...................0.008 5 
Pteromorphae wholly foveolate; 344277 
[TADS (COVED) soondodoboounpocsansedobne saudeu sovguD Kaden 


Steere Se cleoatss Galumnella rugosa Balogh, 1960 [5] 
Pteromorphae foveolate in the middle part, 
but only punctured in marginal part; 242 x 210 
(ANE: C170) 63oodqbadHbnsboabo0sooboosbe cou dyouodé ubebobE 
caneentaaans Galumnella regosula Balogh, 1960 [5] 
Rostrum with a rounded protrusion; 299 x 235 
(UTNE INIERY GUINEA) ossoedsooonneqonsasancs0cgcsa90000000 
Mee cage Galumnella woschitzi Balogh, 1970 [7] 
Rostrum without protrusion ..................04- 6 
Sensillus with a weakly swollen head; poly- 
gonal sculpture on notogaster changing to 
longitudinal striation in the anterior part be- 
hind dorsosejugal suture; 208 x 150 ~m; New 
Gilinedy. casita hatenekee che oltest Poro- 
galumnella quadriporosa Balogh, 1968 [6] 
Sensillus without swollen head; polygonal 
sculpture on notogaster not becoming stria- 
tion behind dorsosejugal suture; 240-260 x 
Z0C—7AOVAMACONng Oman seer seece ete ates 
Galumnella punctipennis Balogh, 1960 [5] 
Notogaster, pteromorphae and ventral plate 
sculptured with polygonal network and scat- 
tered foveolae; restrum without protrusion; 
275 X 195 ym; Vietnam ............. Galumnella 
cellularis Balogh et Mahunka, 1967 [8] 
Notogaster, pteromorphae, ventral plate and 
also prodorsum sculptured with polygonal 
network and dense punctures; rostrum with a 
pointed protrusion; 302-355 x 242-288 um; 
SouthiGhinayn.cceesseh> we secsceees weet ecatenteaeecs 
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ABSTRACT—Random Amplified Polymorphic DNA 
(RAPD) generated using arbitrary primers of 9, 10, 16 
and 20 nucleotide lengths by Polymerase Chain Reaction 
(PCR) was investigated in 12 species of fishes. We found 
that the amplification products were best resolved by 
Urea-SDS-PAGE and detected by silver staining. The 
amplification products ranged from 25 to 75 depending 
on the primer and template combination. The random 
primers generated unique fingerprints for each species of 
fish in terms of number and position of RAPDs. Our 
results showed that the fish species can be distinguished 
from each other by RAPDs. The complexity of the 
RAPDs in the fingerprints may be manipulated to suit 
the requirement of the study. The use of RAPD in 
taxonomy, fishery management and fish culture is dis- 
cussed. 


INTRODUCTION 


The conventional DNA fingerprinting method, 
involving restriction fragment length polymorph- 
ism (RFLP) assay, requires large quantities of 
relatively pure DNA, specific DNA probes and 
generally uses short-lived radio-isotopes in the 
detection system. It is also laborious and time 
consuming making it impractical for large popula- 
tion based studies. Fingerprinting by polymerase 
chain reaction (PCR) technique requires much less 
DNA but a major limitation is the requirement of 
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target DNA-sequence information for designing 
specific primers. Recently, Williams et al. [18] and 
Welsh and McClelland [17] described a novel PCR 
based method termed Random Amplified Poly- 
morphic DNA (RAPD) fingerprinting. This tech- 
nique allows detection of DNA polymorphisms by 
randomly amplifying multiple regions of the 
genome by PCR using single arbitrary primers 
designed independent of target DNA sequence. 
Since the RAPD technique involves enzymatic 
amplification of target DNA by PCR using arbi- 
trary primers it is also called Arbitrarily Primed 
Polymerase Chain Reaction (AP-PCR) or DNA 
Amplification Fingerprinting (DAF). This method 
overcomes some technical limitations of the earlier 
fingerprinting methods and has wide applications 
including: genetic fingerprinting of bacteria, 
plants, few animal species and humans [1-3, 6, 17, 
18]; creating linkage maps [16]; locating disease 
resistance genes [11, 12, 14]; and identifying 
chromosome-specific markers [15]. AP-PCR has 
been used for the detection of DNA polymorph- 
isms of few fish species including colour mutants of 
tiger barb, Barbus tetrazona and guppy, Poecilia 
reticulata [4, 5]. Kubota et al. [10] used this 
method for the detection of radiation induced 
DNA damages in Japanese medaka fish, Oryzias 
latipes. Hence, RAPD fingerprinting technique is 
robust, simple, fast, sensitive and particularly 
suited to problems where the genome is anony- 
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mous or quantity of genomic DNA available is 
limited. It can also be used for analyses of museum 
specimens and rare fishes using DNA isolated from 
scales and clipped fins without destroying the 
whole organism. 

We used this technique for generating DNA 
fingerprints in 10 species of tropical and two 
species of temperate fishes representing seven 
families, viz., Belontidae (Betta splendens), Ana- 
bantidae (Colisa lalia, Trichogaster microlepis), 
Cyprinidae (Cyprinus carpio, 8B. tetrazona, 
Brachydanio rerio), Poeciliidae (P. reticulata, 
Xiphophorus maculatus), Cichlidae (Oreochromis 
niloticus), Characidae (Hyphessobrycon innesi) 
and Salmonidae (Onchorhynchus nerka, Salmo 
salar). We report here the usefulness of this 
method in combination with Urea-SDS-PAGE in 
generating RAPDs among the fishes. 


MATERIALS AND METHODS 


Extraction of genomic DNA: Tissues from 
individual fishes were pulverized after flash freez- 
ing in liquid nitrogen, incubated with mild shaking 
at 55°C in 10 volumes of extraction buffer (50 mM 
Tris-Cl, pH 8.0; 100 mM EDTA, pH 8.0; 100 mM 
NaCl; 100 mM DTT; 1.0% SDS; 0.5 mg/ml pro- 
teinase K). After phenol extraction and ethanol 
precipitation, DNA was dried using Speed Vac 
concentrator (Savant), resuspended in TE buffer 
(10 mM Tris-Cl, pH 8.0; 1mM EDTA, pH 8.0) 
and stored at 4°C. 


Oligonucleotide Primers: Random primers 
synthesized on ABI 394 DNA synthesizer and 
purified by an ABI oligonucleotide purification 
cartridge were purchased from the Bioprocessing 
Technology Unit, National University of Singa- 
pore. The 10 primers used were of 9-20 nuc- 
leotides (9-to 20-mer) in length with G+C content 
ranging from 45.0-77.7%. The melting tempera- 
ture (Tm) values of the primers ranged from 28°C 
to 58°C. The details of the primers are given in 
Table 1. 


DNA Amplification: Samples were amplified 
in 50 1 reaction mixtures containing 1X PCR 
buffer (Promega), 15 mM MgCl, 1.0M primer, 
0.3 to 0.5 ug of genomic DNA, 2mM of each 
dNTP (Promega) and 2.0 units of Taq DNA 
polymerase (Promega). The total reaction mix was 
overlaid with 40 ul of mineral oil (Sigma). Am- 
plification was performed in a Perkin-Elmer Cetus 
GeneAmp PCR System 9600 programmed for 30 
cycles of 3 min denaturation at 94°C, 3 min low 
stringency annealing at 37°C and 2 min primer 
extension at 72°C. At the end a final extension for 
10 min was performed at 72°C. 


Denaturing polyacrylamide gel electrophore- 
SiS: Amplified fragments were separated by 
SDS-PAGE (3% stacking and 8% resolving gel) in 
a Mini-Protean II (Bio-Rad; Fig. 2) or Urea 
SDS-PAGE (3% stacking and 8% resolving gel 
containing 7 M urea) in Sturdier SE 400 (Hoefer) 
Electrophoresis unit. Eight to ten “1 of each PCR 


TaBLE 1. Details of Arbitrary Primers 
Name Nucleotide length Sequence (5’-3’) (G+C)% Tm(-C) 
NUSZGI1 9-mer TIGCGTCCA 55.5 28 
NUSZG2 9-mer GCACTGTCT 55.5 28 
NUSZG3 9-mer GGTAACGCC 66.6 30 
NUSZG4 9-mer GGAGCTGGC Vo 32 
NUSZG5 10-mer AGGTCACTGA 50.0 30 
NUSZG6 10-mer CGGTCACTGT 60.0 32 
NUSZG7 10-mer AATCGGGTCG 60.0 32 
NUSZG8 10-mer TGCCGAGCTG 70.0 34 
NUSZG9 16-mer TGCCTGTGGGGAATCC 62.5 52 
NUSZG10 20-mer TATGTAAAACGACGGCCAGT 45.0 58 
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product was loaded onto polyacrylamide slab gels 
of 0.75 mm (7 X8 cm; Mini-Protean IT) or 1.00 mm 
(14x18cm; Sturdier SE 400) thickness. The 
electrode buffer (pH 8.3) contained 0.025 M Tris- 
Cl, 0.2M glycine and 0.1% SDS. The samples 
were loaded together with a PCR dense dye 
containing 50 mM EDTA, 30% glycerol, 0.25% 
xylene cyanol FF and 0.25% bromophenol blue. 
Electrophoresis was carried at 100 V for 3% hr in 
Mini-Protean or 16 hr in Sturdier gel unit. 


Silver staining: Silver staining method of Her- 
ring et al. [8] was used with slight modifications to 
stain the gels. The gels were fixed with 10% 
ethanol-0.5% acetic acid for 1 hr and then soaked 
in 0.011 M silver nitrate for 30 min. After rinsing 
the gels twice briefly in distilled water, the reduc- 
tion reaction was carried out for a maximum of 10 
min with a solution of 0.75 M sodium hydroxide 
and 0.085 M formaldehyde till the bands were 
clearly visible. The reaction was stopped by 
transferring the gels to 0.07 M sodium carbonate 
for 30 min. Prior to drying, the gels were photo- 
graphed with transmitted light using a Nikon F-501 
camera fitted with a 55 mm [2.8 Micro-Nikkor lens 
and Kodak TMAX 100 black and white film. 
Bio-Rad gel dryer 583 was used to dry the gels 
after briefly soaking in a solution of 30% methanol 
and 5% glycerol. 


RESULTS AND DISCUSSION 


Random Amplified Polymorphic DNA (RAPD) 
in 12 species of fishes was investigated. Both the 
short (9 and 10 nucleotide) and medium length (16 
and 20 nucleotide) primers generated discrete 
DNA amplified fragments of varying lengths and 
revealed RAPD variation among the species. We 
found that addition of 7 M urea to the 8% 
resolving gels in SDS-PAGE improved the am- 
plified fragment separation considerably. General- 
ly the fragments of range 100 to 3500 bp could be 
adequately resolved by Urea-SDS-PAGE. The 
spectrum of amplified products was reproducible 
for a particular template-primer combination. The 
technique of DNA amplified fragment separation 
and detection system play important roles in 
RAPD analysis. For the purpose of comparison 


the RAPD patterns obtained using similar elec- 
trophoretic conditions, gel size and detection 
system should be used. 

The RAPD profiles were found to be similar in 
terms of mobility and intensity of the bands for 
different individuals of the same species as seen in 
our example of the guppy, indicating specificity of 
the DNA patterns for a given species (Fig. 1). 
Among the 10 guppies (5 male and 5 female 
full-sibs obtained from a single-pair mating) 
tested, they shared many monomorphic (constant) 
bands with few polymorphic (variable) bands 
accounting for individual differences (Fig. 1). 
Hence, these fingerprints indicated low genetic 
variability which could be due to inbreeding, as the 
parents of the individuals tested were from a small 
random breeding stock of about 50 in number 
maintained for several years in our laboratory. 
The presence of simple repetitive male specific 
DNA revealed by oligonucleotide fingerprinting 
has been reported in the guppy, a species with 
XX/XY sex determining mechanism [13]. We did 
not find any sex specific RAPD markers for male 
or female guppies using the 16-mer RAPD primer 
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Fic.1. RAPD fingerprints generated by 16-mer 
(NUSZG%9) in 5 male (lanes 1-5) and 5 female (lanes 
6-10) individuals of the guppy, Poecilia reticulata. 
Lane ‘—’ is of negative reactions without template 
DNA..: Fragment sizes (bp) of lambda DNA-BstE II 
digest molecular weight standard: a) 3675, b) 2323, 
c) 1929, d) 1371, e) 1264, f) 702, g) 224, h) 117. 
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Fic. 2. DNA profiles from a single tiger barb, Barbus 
tetrazona obtained by using four primers of different 
nucleotide sequences and lengths. DNA amplifica- 
tion products by: 9-mer, NUSZG4 (lane 2); 10-mer, 
NUSZG8 (lane 3); 16-mer, NUSZG9 (lane 4); and 
20-mer, NUSZG10 (lane 5). The first and last lanes 
are of lambda DNA-BstE II digest and negative 
reactions without template, respectively. RAPD 
bands resolved by SDS-PAGE in Mini-Protean II 
(BIO-RAD). 


(NUSZG9) (Fig. 1). 

Figure 2 showed that four primers of different 
sequences and lengths generated different profiles 
in a single individual tiger barb. Also, the DNA 
profiles of 10 individual fishes representing 10 
species (lanes 1-10) in Fig. 3 (9-mer, NUSZG3), 
Fig. 4 (10-mer, NUSZG5) and Fig.5 (20-mer, 
NUSZG10) show clearly that different patterns of 
amplified products are generated by different 
primers. We have found that the primers of same 
length but with different sequences generated 
different DNA patterns in a single fish [4, 5]. 
These results showed that this technique can be 
manipulated by changing the primer sequence and 
length to generate amplification products of de- 
sired complexity to suit different purposes like 
genetic mapping or genotyping [1]. Depending on 
the particular primer and template combination, 
the number of RAPD ranged from 25 to 75. Each 
primer detected an average of 30 RAPD variable 
bands among the 12 species of fishes studied. 
However, there was no clear relation between the 


Fic. 3. Amplification fingerprints in 10 species of tro- 
pical fishes generated by a 9-mer, NUSZG3. Lane 
M: Molecular weight marker is lambda DNA-BstE 
II digest. Lane 1: Betta splendens; Lane 2: Colisa 
lalia; Lane 3: Trichogaster microlepis ; Lane 4: Cyp- 
rinus carpio; Lane 5: Barbus tetrazona; Lane 6: 
Brachydanio rerio; Lane 7: Poecilia reticulata; Lane 
8: Xiphophorus maculatus; Lane 9: Oreochromis 
niloticus ; Lane 10: Hyphessobrycon innesi. Arrows 
indicate RAPD variable bands among the different 
species. 


length of the primers and the number of amplified 
fragments generated. The number of amplified 
products may be related to the G+C content of 
primer and template DNA sequence rather than to 
the primer length [1]. G+ C content of the primers 
used in our study ranged from 45.0-77.7%. Figure 
2 shows some evidence that primers of higher G+ 
C content generate more amplified products. 

The 9-mer (NUSZG3) generated a total of 
about 40 clearly noticeable RAPD variable bands 
among the 10 species of tropical freshwater fishes 
(Fig. 3), while the 10-mer (NUSZG5) (Fig. 4), 
16-mer (NUSZG9) and 20-mer (NUSZG10) (Fig. 
5) generated 31, 20 and 28 RAPD variable bands, 
respectively, among the 12 species of fishes which 
included two cold water species. The fingerprints 
generated by the four different primers revealed 
unique profiles for each species in terms of number 
and position of RAPD bands. Thus, the RAPD 
generated for each species can be efficiently used 
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Fic. 4. DNA fingerprints generated by a decamer primer, NUSZGS in 12 species of fishes. Lanes M and 1 to 10 are 
as in Fig. 3. Lane 11: Onchorhynchus nerka; Lane 12: Salmo salar and Lane 13: control reactions without 
template DNA. 
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Fic.5. Fingerprints generated by the 20-mer (NUSZG10) in 12 species of fishes. Lanes M and 1-12 are as in Fig. 4. 


as supporting markers for taxonomic identifica- and systematics, species-specific RAPD markers 
tion. Further confirmation can be achieved by could be an invaluable tool for species verification 
considering the RAPD markers generated bymore and in establishing the status of organisms of 
than one primer for the same species. Intaxonomy controversial systematics. RAPDs that are di- 
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agnostic at different taxonomic levels can be 
generated by employing different primers and they 
can be used to determine the relatedness between 
taxa for which diagnostic RAPD fingerprints have 
been established [7]. However, for RAPD finger- 
printing to provide supporting evidence for tax- 
onomic relationships in fishes, data should be 
generated using adequate sample size for each 
species. RAPD markers can play an important 
role in fishery management and conservation 
genetics such as studying the genetic effects of 
mixing cultured fish with wild populations. Such 
DNA markers could also be used to assess the 
impact of intentional or accidental release of 
farmed fishes to the wild [9]. From the point of 
view of fish culture, RAPD methodology has been 
shown to be useful in preliminary pedigree analy- 
ses [5] and in the detection of phenotypic-specific 
DNA polymorphic markers in different colour 
mutants of two freshwater aquarium fishes [4, 5]. 

Our results show that RAPD can be used to 
generate useful fingerprints characteristic of fish 
species and for genotyping individuals within the 
species. Thus, it provides an efficient and sensitive 
method which can be used to estimate genetic 
variability, relatedness, inbreeding levels, species/ 
strain verification, pedigree analyses, detection of 
economic traits and in other marker-based studies 
in fishes. 
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ABSTRACT—Larvae of J strain South African clawed 
frog Xenopus laevis (MHC haplotype; JJ) can easily be 
rendered tolerant, during metamorphosis, of semi- 
xenogeneic adult skin grafts from interspecific hybrid 
(JB) made between JJ and X. borealis (BB). If larvae 
were thymectomized several days before, at the same 
time as, or within 1 week after the skin grafting, 
tolerance was no longer induced. Tolerance induction 
was restored by grafting late larval or adult thymuses 
before or within 1 week after skin grafting. Early larval 
thymuses were ineffective for this restoration. Overall 
results indicate that the tolerance induced during meta- 
morphosis is ascribable to a suppression exerted on a 
competent immune system in the presence of differenti- 
ated thymus. 


INTRODUCTION 


The clonal deletion resulting in the tolerance of 
transplantation antigens expressed in the thymus 
has been well established as a major mechanism 
[13]. On the other hand, the tolerance of extrathy- 
mic antigens has not thoroughly been understood, 
while in several cases it have been shown to be 
mediated either by the clonal deletion or anergy 
[6]. Considering the limitations to account for 
many aspects of tolerance, however, it will clearly 
be important to speculate the third mechanism, 
i.€., suppression. Although the suppressor cell 
mediated regulation is strongly questioned these 
days, the absence of the suppression has not been 
concluded either [3]. In this connection, a very 
interesting phenomenon has been reported quite 
recently that the suppressive activity was exerted 
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by CD4* T cells that should generally be classified 
as helper [12]. Under this condition, any efforts 
will be justified where the mechanisms of immuno- 
logical suppression can be _ experimentally 
analyzed. 

During metamorphosis, the immunocompetent 
amphibian larvae must recognize the newly 
appearing adult-type antigens as self and conse- 
quently tolerate them. Here, I will present a new 
model system where transplantation tolerance of 
semixenogeneic adult skin is induced in immuno- 
competent tadpoles of Xenopus laevis during 
metamorphosis. 


MATERIALS AND METHODS 


The animals used in the present study were from 
J strain of the South African clawed frog Xenopus 
laevis, designated JJ to reflect its homozygosity at 
the major histocompatibility complex (MHC) loci, 
and from partially inbred colony of Xenopus 
borealis (BB). Artificial inseminations were made 
to produce normal JJ embryos or interspecific 
hybrid (JB) between X. laevis females and X. 
borealis males. Developmental stages of embryos 
and larvae were determined according to the 
Normal Table of Nieuwkoop and Faber [9]. 
Animals were maintained at 23+1°C throughout 
the experiments. 

To thymectomize early larvae at stages 44-46 
(4-5 days after fertilization), thymic rudiment of 
the animal was cauterized with a sharpened needle 
connected to high frequency electroscalpel appa- 
ratus [15]. Thymectomy at later larval stages was 
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done similarly using a blunt needle. 

Ventral skin grafts from BB or JB adults were 
transplanted either on adult or larval JJ animals 
according to the technique described previously 
[10]. Grafting of the thymus or the spleen was 
accomplished by simply inserting the organ sub- 
cutaneously in larvae and adults. 

Health of skin grafts was observed frequently 
under a stereomicroscope. Rejection was moni- 
tored by the destruction of guanophores (white 
pigment cells) in the grafted ventral skin [8, 10]. 
Scoring was made 1 month after metamorphosis or 
2 months after organ (or skin) grafting, when the 
fate of skin grafts can be classified into either 
rejection (completely destroyed) or tolerance 
(healthy at least partially). 


RESULTS AND DISCUSSION 


In JJ adults, BB and JB skin grafts were rejected 
in about 20 days at 23°C, a comparable time to that 
in allograft rejection among X. laevis. Early larval 
thymectomy, at stages 44-46 before the thymus 
differentiation occurs, completely abrogated the 
development of BB and JB graft rejecting capacity 
as shown previously [4]. This indicates that the 
rejection of (semi)xenogeneic skin grafts is depen- 
dent on the T cell dependent responses like 
allograft rejection [5]. 

Unlike in adult frogs, skin grafts from JB adults 
were usually tolerated by stage 54-56 JJ tadpoles 
beyond metamorphosis, if the size of the graft was 
large enough (more than 4mm/*). Most of the 
smaller grafts (1 mm?) were eventually rejected 
within 1 month after metamorphosis, showing that 
the metamorphosing animals were competent to 
destroy JB skin. On the other hand, adult BB skin 
grafts were never tolerated even when grafts larger 
than 4mm/ were used. The situation concerning 
the size of grafts and MHC disparity between hosts 
and donors is quite comparable with that observed 
in allogeneic combinations [1, 8]. 

The most intriguing finding in the present study 
is the requirement of the thymus during the 
tolerance induction. Host larvae were thymecto- 
mized at various days before or after the JB skin 
grafting. The thymus at these stages has reported- 
ly ceased to function since thymectomy is no 


longer effective to abrogate the capacity for skin 
allograft rejection [5]. Nevertheless, if larvae were 
thymectomized several days before, at the same 
time as, or within a week after the skin grafting, 
tolerance was no longer induced (Table 1). Toler- 
ance induction was restored by grafting stage- 
matched JJ thymuses to these tadpoles before or 
within several days after the skin grafting (Table 
2). For this restoration, not only the thymuses 
from stage-matched larvae but also those from 
adult frogs were effective. On the other hand, less 


TaBLE 1. Requirement of the thymus for tolerance 
induction 

days of thymectomy done number of 

before (—) or after (+) animals 


skin grafting made tolerant 


—14 0/10 
—1 0/10 
0 0/10 
+7 1/10 
+14 10/10 
+21 10/10 
+42 10/10 


JJ larvae were thymectomized before (—), after 
(+), or at the same time (0) as JB adult skin grafting 
on stage 54-56 tadpoles. The rates of tolerance 
induction were scored one month after metamor- 
phosis. 


TABLE2. Tolerance induction after 


grafting 


thymus 


days of thymus grafting 
made after skin grafting 
in thymectomized tadpoles 


number (%) 
of animals 
made tolerant 


pz 0/10 ( 0) 
10/10 (100) 
6/ 7 ( 86) 
4/16 ( 25) 
3/ 7 ( 43) 
21 0/10 ( 0) 


onNn oO 


0 (adult thymus) 
0 (stage 48 thymus) 


10/10 (100) 
0/10 ( 0) 


JJ larvae had been thymectomized 14 days before 
the skin grafting, and were grafted with a pair of JJ 
thymuses from stage-matched larvae unless other- 
wise stated in parentheses. The rates of tolerance 


induction were scored one month after metamor- 
phosis. —, not thymus grafted. 


Thymus-dependent Tolerance in Xenopus 


developed thymuses from stage 48 larvae were not 
effective (Table 2). Evidently, the tolerance ex- 
amined in this study is induced in the presence of 
the developed thymus. Since the similar thymus 
dependency of tolerance induction (i.e., preven- 
tion of autoimmunity) has been reported in mice 
[14], I believe that there must be some general 
significance in this phenomenon shared among 
vertebrate species. 

To examine the role of lymphoid cell popula- 
tions in tolerant animals, the thymus or the spleen 
of tolerant frogs was grafted to 10 immunodeficient 
frogs that had been thymectomized at early larval 
stages. One month after the organ grafting, two 
adult skin grafts (one JB and one allogeneic) were 
transplanted simultaneously, and the rejection was 
observed for 2 months. By grafting the spleen, the 
tolerant state was transferred along with estab- 
lishing a normal skin allograft rejecting capacity in 
all 5 frogs. On the other hand, the tolerant state 
was never transferred by the thymus graft: thymus 
grafted 5 frogs rejected not only allografts but also 
JB grafts within a month. These results indicate 
that the tolerant state was maintained peripherally 
by splenic cells but not centrally by thymus cells. 


TABLE 3. 
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Next, the spleen or the thymus was grafted from 
tolerant frogs to normal frogs or vice versa, to 
detect possible suppressing activities of cells and/ 
or other factors in tolerant frogs (Table 3). No 
change in immunological status was observed in 
normal frogs after spleen or thymus grafting from 
tolerant animals, no matter how many organs were 
used. Likewise, no change was observed when the 
thymus was grafted from normal to tolerant frogs. 
On the other hand, the tolerant state was broken 
in many of the tolerant frogs receiving spleens 
from normal frogs. The rate of breakdown 
increased according to the number of spleens 
grafted. Only 1 out of 10 frogs showed tolerance 
breakdown by grafting 1 normal spleen. Since it 
has been confirmed that 1 spleen or a pair of 
thymuses from a normal frog can restore immune 
competence in T cell deprived frogs [7, 16], it is 
reasonable to assume that in tolerant animals some 
suppressive or regulative activities, though not 
strong, were exerted on the spleen and the thymus 
derived from normal animals (Table 3). It can also 
be considered that the splenic cell populations of 
tolerant frogs were responsible for at least a part of 
the suppressive activities, although it was obvious 


Possible suppressive activity in tolerant frogs 


number of animals 


grafted organs recipient made or kept 
tolerant 
1 tolerant spleen normal 0/ 4 
2 tolerant spleens normal 0/ 4 
3 tolerant spleens normal 0/ 4 
pair tolerant thymuses normal 0/ 3 
2 pairs tolerant thymuses normal 0/ 3 
3 pairs tolerant thymuses normal 0/ 3 
1 normal spleen tolerant 9/10 
2 normal spleens tolerant 3/10 
3 normal spleens tolerant 0/10 
pair normal thymuses tolerant Sy 3) 
pairs normal thymuses tolerant SW 3) 
3 pairs normal thymuses tolerant 3/3 


About 2 months after metamorphosis, tolerant or normal JJ frogs received either the 


thymuses or the spleens from normal or tolerant JJ counterparts, respectively. 


Normal 


JJ frogs were grafted with adult JB skin at the same time as the organ grafting, while 


tolerant frogs were not grafted with new one. 


The fate of the grafted skin in normal 


animals or that of tolerated skin in tolerant animals were scored 2 months after the 
organ grafting. 
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that the spleen cells alone were not strong enough 
to suppress the graft rejection in normal frogs. 
Other factors such as antigens themselves and/or 
humoral regulators may be involved in the mainte- 
nance of the tolerance. It should also be addressed 
in the future study whether the development of 
these suppressive activities are under the influence 
of the thymus during metamorphosis. 

Despite the present findings, it is apparent that 
the thymus dependent suppression is not the sole 
mechanism to make tadpoles tolerant of adult ‘self’ 
antigens, because even late thymectomized tad- 
poles do not usually suffer from autoimmune 
disease but can normally metamorphose (cf. [2]). 
Therefore, the present mechanism should be 
regarded as one of the several fail-safe mechanisms 
for physiological tolerance induction in metamor- 
phosing tadpoles. 

The great advantage in the present system is that 
the tolerance induction was practically impossible 
of semixenogeneic JB skin grafts in late thymecto- 
mized larvae. This will extremely help us to obtain 
clear-cut results in experimentation. It is in sharp 
contrast with the case among allogeneic or semi- 
allogeneic combinations where tolerance could 
sometimes be induced even in late thymectomized 
animals [2]. Moreover, because JB cell has an 
excellent cellular marker [11] when mixed with JJ 
cells, the present system will provide an invaluable 
experimental model in developmental im- 
munology. 
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ABSTRACT— Microinjection of Ca**/EGTA buffer 
into the cells of Paramecium caudatum induces the early 
micronuclear migration (EMM). The induction of EMM 
was observed when mating reactive cells were injected 
with 3.4x10~-° M or 1.5X10~° M Ca* * /EGTA buffer, 
but not observed in non-reactive cells. In control 
experiments, 2.0X10~°M Ca**/EGTA buffer, 5mM 
MgCl, 50 mM NaCl, 50 mM and 300 mM KCI solutions 
were injected. No significant differences were observed 
between the control cells and uninjected cells. These 
results suggest that the increase in intracellular free 
calcium concentration initiates the earliest nuclear event 
in the process of conjugation in Paramecium. 


INTRODUCTION 


Calcium plays a central role in the onset of the 
early event of fertilization in metazoa [5, 15, 16, 
18]. The increase in free cytosolic calcium concen- 
tration [Ca~~]i after sperm entry in eggs have 
been demonstrated by the microinjection of 
Ca~ ~-sensitive photoprotein aequorin [20, 7], and 
by the measurement of [Ca**]i with Ca**- 
sensitive microelectrodes [2]. 

In Paramecium, the earliest nuclear event, 
EMM (early micronuclear migration), takes place 
at about 10-15 min after mating reaction [10]. To 
examine whether [Ca*~]i is involved in the 
initiation of conjugation, the artificial induction of 
EMM has been done by the cold treatment and by 
the treatment with calcium ionophore A23187 [3, 
4]. Because the cold treatment of cells of para- 
mecium in an ice bath increases in intracellular 
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calcium concentration [1], Cronkite proposed the 
calcium hypothesis that the increase in [Ca* *]i or 
the decrease from the increased level to normal 
may trigger the EMM. However, there is no direct 
evidence to support that [Ca* ~ ]i is associated with 
the induction of EMM. To clarify the calcium 
hypothesis, a series of Ca**/EGTA buffers was 
injected into the cells of P. caudatum to see 
whether the EMM is induced. 


MATERIALS AND METHODS 


Stocks and methods 


Stocks of Paramecium caudatum, syngen 3, used 
were 27aG3 (mating type O) and C103 (mating 
type E). The culture medium was 1.25% (w/v) 
fresh lettuce juice diluted with K-DS (Dryl’s 
solution modified by the substitution of KH>PO, 
for NaH>PO,), pH7.0 [6], and inoculated with 
Klebsiella pneumoniae one day before use [13]. 
Several hundreds of cells were inoculated into 2 ml 
culture medium and then fresh medium of 4 ml, 10 
ml, and 10 ml was added on every successive days. 
Cultures were kept at 25°C. All experiments were 
done at room temperature (23°C). The mating 
reactivity of cells reached a maximum at one or 
two days after the final feeding. 


Microinjection and EMM Assay 


Microinjection was performed after the method 
of Koizumi [17] modified by Haga et al [12]. 
Approximately 40 pl, which is about 10% of total 
cell volume, was injected into the cells of C103. 
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The injected cells were kept in cell-free culture 
medium for 30 min. The cell-free culture medium 
used in this experiment was prepared as follows: 
the culture medium of C103 at stationary first day 
was filtered with a 0.22 4m millipore filter to 
remove cells. The EMM was checked under a 
microscope after staining with acetoorcein solution 
containing about 0.6% (w/v) orcein in 40% acetic 
acid. 


Preparation of ion solutions 

Following Tsiens’ method, a series of Ca**/ 
EGTA buffers were prepared by combination of 
10 mM EGTA and 10mM CaCO; solution with 
different proportion in 10mM HEPES, titrated 
with 1 N KOH to pH7.00 at 20°C, assuming an 
apparent dissociation constant for the Ca‘ */ 
EGTA complex of 380 nM at pH 7.00 in 100 mM 
KCI at 20°C [11]. For control experiments, 5 mM 
MgCl, 50mM NaCl, 50mM and 300mM KCl 
were prepared in 5mM HEPES, pH 7.00. 


Statistical analysis 


The statistical significance of differences in mean 
values between control and treatments were deter- 
mined by Chi square contingency tables [8]. 


Differences were considered to be significant for 
probabilities of less than 5.0%. 


RESULTS AND DISCUSSION 


Injection of Cat */EGTA buffers 


Before the microinjection of Cat t/EGTA buf- 
fers, the mating reactivity of recipient cells was 
tested by mixing with the mating reactive cells of 
the complementary mating type. The percentage 
of spontaneous micronuclear migration in unin- 
jected cells was also checked by staining. Among 
several stocks C103 was chosen for a recipient 
because this strain is very stable and low in the 
percentage of spontaneous micronuclear migra- 
tion. The clones showing strong mating reactivity 
and with less than 5% of micronuclear migration 
were used as recipients. As shown in Table 1, 
when the sexualy mature cells of C103 in late 
log-phase, so that they were non-reactive, were 
injected with the Ca**/EGTA buffers, no signi- 
ficant increase in the percentage of EMM was 
observed. On the other hand, the microinjection 
of 3.4x10-°M or 1.5xX10°-°M Ca**/EGTA 
buffer into the mating reactive cells of C103 at 


TaBLeE 1. The relationship between [Ca**] injected and the occurence of EMM 


Recipients [Ca?*](M) No. of exp — No. of cells No. of EMM. % of EMM Average % of EMM 
1 15 1 6.7 
DADS LO=* 2 15 1 6.7 6.1 (0.7)* 
3 19 1 SL 
| 15 4 26.6 
Mating reactive 3.4x10 ° 2 14 Tr) 21.4 PIB) 3) (2.10)? 
3 17 4 23.3 
1 15 3 20.0 = 
1.5<x10~° 2 15 4 26.7 22.4 (3.0)* 
3 19 4 21.0 
1 100 5 5.0 
Uninjected 2 100 4 4.0 4.7 (0.5)* 
3 100 5 5.0 
DAS O-* 20 1 5.0 
Non-reactive 3.4x 107° 15 0 0.0 
LS NO-? 18 0 0.0 


*| Figure in parentheses is standard deviation. 
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TaBLE 2. Effects of injection of different cations on EMM 

- No. of No. of Injected No. of % of Average % 

Cation Con. (M) Exp. cells EMM EMM E 

1 12 8.3 

Mg** 5.01073 2 10 0 0.0 5.6 (3.7)* 
3 14 1 Fail 
1 12 0 0.0 

Na~ SOOT 2 8 1 IDES 6.3 (5.2)* 
3 12 1 8.3 
1 20 1 5.0 

K* 50x10n5 2 17 1 5.9 6.5 (2.9)* 
3 9 1 11.1 
1 12 0 0.0 

Kee 3.0107! 2 15 0 0.0 0.0 (0.0)* 
3 14 0 0.0 
1 60 3 5.0 

Uninjected cells 2 100 4 4.0 4.5 (0.4)* 
3 65 3 4.6 


* Figure in parenthesis is standard deviation. 


stationary first day induced the EMM with the 
percentage of 23.8% and 22.4%, respectively. 

It is known that the [Ca* *]i in P. caudatum is 
approximately 10-*M-10~’M [19]. Therefore, 
2.0x10-* M Ca* */EGTA buffer was injected as 
the control. As shown in Table 1, statistical 
analysis showed a significant difference in the 
percentage of EMM between the cells injected 
with either 3.4x10~°M or 1.5x10-°M Cat */ 
EGTA buffer and those injected with 2.0x 10° M 
Ca~ ~/EGTA buffer (P<0.05). However, there 
was no significant difference between the cells 
injected with 2.0x10-°M Ca*t*/EGTA buffer 
and the uninjected cells. 


Injection of Mg~~*, Na~* and K~ solutions 

To clarify whether the induction of EMM is 
Ca~~ specific or not, 5 mM MgCl, 50 mM NaCl, 
50 mM and 300 mM KCI solutions were injected. 
The results were shown in Table 2. No significant 
increase in the percentage of EMM was observed 
by the injection of these ions. Present studies have 
directly shown that the increase in [Ca * ~ Ji induces 
the EMM. However, efficiency of the EMM 
induction was not so high as that by the mating 
reaction. There may be several factors possibly 


related to the induction of EMM. First, it has been 
demonstrated that the percentage of EMM in 
normal conjugation was proportional to that of the 
pair formation [10]. This suggests that not only the 
strength of mating reactivity but also the ability to 
form mating pair might be required for the 
initiation of EMM. The cells of C103 used in this 
studies showed strong mating reactivity but the 
percentage of pair formation at 2-3 hours after 
mixing with the cells of complementary mating 
type, 27aG3 (mating type O), was about 35% 
among 457 cells tested. Second, sensitivity to 
[Ca** ]i may be different at different places in the 
cytoplasm, so that the injected place would affect 
on the efficiency of EMM induction. Third, it is 
feasible that the mating reactivity of recipient cells 
may be reduced or lost during microinjection 
resulting in the decrease of sensitivity to the 
calcium injection. In fact, when the mating 


reactive cells of C103 were injected with about 40 
pl of 1.5x10°-°M Ca‘t*/EGTA buffer, about 
75% of cells (n=12) lost their mating reactivity at 
about 30 second after the microinjection. The 
percentage of mating reactive cells in uninjected 
C103 which were treated with the same way as the 
injected cells except microinjection was about 82% 
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(n=11). Fourth, the leakage of the injected 
Cat */EGTA buffer may happen. 

In vegetative growth phase, the micronucleus 
usually exists in the concavity of the macronucleus. 
The electron microscopic studies have shown that 
there are microtubules between the micronucleus 
and the macronucleus [14]. Fujishima and Hiwa- 
tashi have demonstrated that colchicine treatment 
lowers the proportion of EMM. Based on this 
experiment, they suggested that their result might 
be due to the inhibition of microtubule elongation 
or dispersion [10]. However, our results described 
here provides an alternative interpretation. It is 
well known that a very low concentration of Ca‘ * 
(c.a. 6.0X10~°M) depolymerizes microtubules 
[21]. If the Ca**/EGTA buffer keeps [Ca* *]i at 
the same concentration as indicated in the cyto- 
plasm after microinjection, increase in free Ca* * 
could induce depolymerization of microtubules 
which connect the micronucleus with the macro- 
nucleus resulting in the micronuclear migration 
from the concavity of the macronucleus. 

In the process of conjugation, premeiotic DNA 
synthesis in the migrated micronucleus starts at 
about 1.5 hr after the mating reaction [9]. If the 
pair formation is inhibited before the initiation of 
premeiotic DNA synthesis, the micronucleus goes 
back to the concavity of the macronucleus. To 
follow the fate of the micronucleus after EMM by 
Cat*/EGTA buffer injection, the cells was 
stained at about 1.5, 2.5, and 3.0hr after the 
microinjection of 3.4 10° M Cat +/EGTA buf- 
fer. When micronuclei start premeiotic DNA 
synthesis in normal conjugation, they show an 
increase in volume, called the stage of swelling [9]. 
In this experiment, although 44.4% of the reci- 
pient showed EMM until about 3.0 hr after the 
injection (n=18), the apparent morphological 
change suggesting the premeiotic DNA synthesis 
in micronuclei was not observed. In the normal 
conjugation of C103, about 60% of cells showed 
the stage of swelling at about 2.0 hr after mating 
reaction (n=142). However, because the swelling 
of micronucleus is not a clear criterion for the 
detection of premeiotic DNA synthesis, further 
experiments should be done by using with labeled- 
nucleotide precursors or micronucleus-specific 
marker genes. It should be one of the most 


important subjects to know whether Ca** is 
involved in the initiation of premeiotic DNA 
synthesis in the fertilization of Paramecium. 
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ABSTRACT—A rat GnRH receptor cDNA was cloned 
with 1317 base pairs (bp) from a pituitary cDNA library. 
This clone had a full amino acid coding region, with 172 
and 161 bp noncoding sequences in 5’- and 3’-flanking 
regions of the coding region, respectively. The nuc- 
leotide sequence of amino acid coding region was 
completely identical to that of previous report by Kaiser 
et al. (1992), but 5’-noncoding region was much longer 
than the previously reported one and its sequence was 
different. This 5’-noncoding region could be divided into 
two subregions on the basis of similarity between the two 
sequences. The 32 bp sequence flanking the coding 
region was completely identical to the previous report, 
but remaining 5’-end sequence almost totally lacked 
similarity. In the 3’-flanking region of coding region, 167 
bp-long sequence was also newly identified. The new 
species of GnRH receptor mRNA found in the present 
study suggests that the presence of various mechanisms 
of GnRH receptor expression in the rat pituitary. 


INTRODUCTION 


Gonadotropin-releasing hormone (GnRH) 
stimulates gonadotropin release and biosynthesis 
in pituitary gonadotropes [1, 5, 6]. Its receptor has 
been characterized pharmacologically [8] and by 
ligand binding studies [15]. On the other hand, 
GnRH receptors have been reported in various 
organs, including the hippocampus [3], ovary [12, 
13], testis [7], and thymus [14]. However, as yet 
little information is available whether there are 
many kinds of molecular species of GnRH recep- 
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tor or not. 

Recently, GnRH receptor cDNA was cloned 
from aT3, gonadotropic cell line derived from 
mouse pituitary, and the cDNA was functionally 
expressed in Xenopus oocytes [16, 18]. The 
nucleotide sequence of GnRH receptor revealed 
that the receptor belongs to G-protein-coupled 
receptor family that has seven transmembrane 
domains. And recently human [11] and rat [10] 
GnRH receptors were also isolated by convention- 
al DNA hybridization using probes generated by 
PCR, which were designed on the basis of mouse 
GnRH receptor. We have also isolated rat GnRH 
receptor, but it has a different sequence from that 
reported by Kaiser et al. [10] in 5’-noncoding 
region. 


MATERIALS AND METHODS 


Preparation of a probe for screening by polymerase 
chain reaction (PCR) 


A pair of oligonucleotide primers were designed 
to cover full amino acid coding region based on the 
sequence of mouse GnRH receptor cDNA [16, 
18]. Sequences of the primers were sense 5’- 
GGGAATTCTGTCCTTGGAGAAATA — TG- 
GCTAACAAT-3 and antisense 5’-GGGTACCT- 
TATTTCTATCTGAGTTCT TGTGTAGTC-3’. 
Each oligonucleotide has restriction site in the 
5’-end (EcoRI or Kpnl, respectively). Total RNA 
was prepared from adult mouse pituitaries by the 
method of Chomcezynski and Sacchi [4], and cDNA 
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was prepared with Superscript reverse transcrip- 
tase (“GIBCO BRL, USA) for PCR template. 
PCR amplification of cDNA by using the primers 
described above and AmpliTaq (Perkin Elmer 
Cetus, USA) was performed for 30 cycles (94°C for 
1 min; 60°C for 1 min; 72°C for 1 min), and yielded 
1 kilobases (kb) products. The PCR products were 
cloned into EcoRI and KpnI sites of pUC118/119 
and sequenced to check validity of the reaction. 
This PCR-generated mouse GnRH _ receptor 
cDNA was *’P-labelled by random hexamer prim- 
ing (Ready-to-Go DNA labelling kit, Pharmacia, 
Sweden) and used as a probe for library screening. 


Screening library of rat pituitary cDNA 


The adult male Sprague-Dawley rat pituitary 
cDNA library in the cloning vector Agtll was 
purchased from Clontech (USA). Independent 10° 
plaques of the library were screened by the 
conventional filter hybridization methods [17] with 
the mouse GnRH receptor probe described above. 
After three rounds of screening of the library, one 
positive plaque was isolated and purified. EcoRI 
and SacI sites were used for subcloning into pUC 
118/119. One of EcoRI sites (3’ end of the insert 
of the Agtll cloning site) of the clone was 
destroyed. Overlapping restriction fragments were 
subcloned (Fig. 1) and sequenced by dideoxy- 
chain termination method using single-stranded 
DNA (produced by the helper phage, M13KO7) 
and Sequenase ver. 2.0 kit (United States 
Biochem., USA). The reason of destroyed restric- 
tion site was a deletion of 34 base pairs from Agt11 
adjacent to the cloning site. 


ae loll (ies 
5) 
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Fic. 1. DNA sequencing strategy for the rat pituitary 
GnRH receptor cDNA. The shadowed box indi- 
cates the predicted coding region of GnRH recep- 
tor. Restriction sites for Pst] and HindIII, which 
used to sequencing, are indicated. 


RESULTS AND DISCUSSION 


A new rat GnRH receptor cDNA has been 
cloned. The size of the clone was 1.3 kb (Fig. 1), 
and its nucleotide sequence and deduced amino 
acid sequence are shown in Figure 2. This clone 
has entire amino acid coding region with extended 
sequences to 5’- and 3’- termini; 172 bp of 5’- and 
161 bp of 3’-flanking regions, respectively. Re- 
cently a rat GnRH receptor cDNA sequence has 
been reported, which contained full coding se- 
quences and 73 bp-long 5’-noncoding region [10]. 
Compared with this report, 5’-flanking region of 
coding region found in the present study was 
longer and different. However, adjacent 32 bp 
sequence was completely identical to the previous 
report, and remaining S’-end sequence totally 
lacked similarity. On the other hand, 3’-noncoding 
sequence was additional one which was newly 
found. For this cloning, we used Sprague-Dawley 
rat pituitary cDNA library which was also used by 
Kaiser et al. [10]. The present result together with 
the findings of Kaiser et al. [10] suggests that there 
are at least two cDNA populations with the same 
amino acid coding sequence in the rat pituitary 
gland. 

Figure 3 shows a comparison of 5- and 3’- 
noncoding sequences in some mammalian species 
(rat, mouse and human). In 5’-noncoding nuc- 
leotide sequence, there are two subregions with 
differences in identity. High similarity region 
exists between -36 and -1; it is marked (a) in Figure 
3A, and the identity of the rat sequence is 92% to 
mice and 72% to human sequence. However, 
remaining 5’-end region lacks similarity. On the 
other hand, 3’-noncoding sequence shows 73 and 
58% identity to mice and human sequences, 
respectively (Fig. 3B). 

There was no possible translational initiation 
site in 5’-noncoding region of the open reading 
frame. One ATG site (-173) was on the open 
reading frame, but termination codons at -114 and 
-84 were present before the suggested initiating 
site. The mouse cDNA reported by Tsutsumi et al. 
[18] also contained a termination codon before the 
first ATG on the open reading frame. Our new 
GnRH receptor cDNA shows that there are at 
least two GnRH receptor mRNAs in the rat 
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TT GCCGGTTTCC AGCCGCAGTT TAATAAATGG GTAGAGTTAC TGACCGATCC -121 
TGGIGITAAC GGGATGGGAC GCGACGIGGI GCICICIGAT GCGATGATGG GCTATCICCA -61 
TTTCATTGCA AATATTCCGG TCAAAGGCAC TCGACICTTG AAGOCCGICC TIGGAGAAAT -1 


ATG GCT AAC AAT GCG TCT CIT GAG CAG GAC CAA AAT CAC TGC TCA GCC ATC AAC AAC AGC 60 
ies ieee DAG Oe nr t@ ee Dis WO\ IN “Ht SIC = SV AS ME ANTS INL TS 


ATC CCC CIG ACA CAG GGC AAG CTC CCG ACT CTA ACC TTA TCT GGA AAG ATC CGAGTIG ACG 120 
eae oe rR O Gm heres Peete Te en else Si (Geek Si Re We 


GIG ACT TIC TIC CTT TIC CTA CIC TCT ACT GCC TIC AAT GCC TCT TIC TIGGIAAAGCTG 180 
eee ee ee eee se The Oi AC BE) BIN Ag Ss Hebets exer Ts 


CAG AGG TGG ACC CAG AAG AGG AAG AAA GGA AAA AAG CTC TCA AGG ATG AAG GIG CIT TTA 240 
ORR A OTR IRR IG GI Gi SIRE IG NS sal arte ty 


AAG CAT TIG ACC TTA GCC AAC CIC CTT GAG ACT CTA ATC GIC ATG CCG CIG GAT GGG ATG 300 
Ee Ee Tip SO dlp GA egIN el, Ey I WE SI 12 Lye ID a Cement 


TGG AAC ATC ACT GIT CAG TGG TAT GCT GGA GAG TIC CTT TGC AAA GIT CTC ACC TAT <T¢ 360 
ee Ne ee Ve Ome Wik eco USING URS Re Tis OE Ke Vr i oS) 


AAG CTC TIC TCT ATG TAT GCC CCA GCC TTC ATG ATG GIG GIG ATT AGC CTG GAT CGC ree 420 
eee Se SS em Ye eC MGM VeVi Ou Ti ID) Re 


CTG GCC GIC ACT CAG CCC TTA GCT GIC CAA AGC AAG AGC AAG CTT GAA CGG TCT ATG ACC 480 
eee eee Ol ee eh A VE Ol aS SKN IS! a Ki Aah Ee Ri Se. (Me oT 


AGC CIG GCC TGG ATT CIC AGC ATT GIC TTT GCG GGA CCA CAG TTA TAT ATC TIC AGG ATG 540 
Sere eee een eS ee Ve ors BAR Gi e SRO MOe pF Re OM 


ATC TAC CTA GCC GAC GEC TCT GGG CCA GCA GIT TIC TCG CAA TGT GIG ACC CAC TGC AGC 600 
ieee AOE AGe wom Ge oP ASG VE ~S. Or Ee Vv Tf -H oC 4s 


TTT CCG CAA TGG TGG CAT GAA GCC TIC TAC AAC TTT TTC ACC TIC AGC TEC CIG TIC ATC 660 
ns ©) mmm VV oem Vor me SSNs aPC VA Nien: wi ECa a PERNT eS Gy le SS ie 


Bs 
ATC CCT CIT CIC ATC ATG CTA ATC TGC AAT GCC AAA ATC ATC TIC GCC CIC ACACGAGIC 720 
ieee ame ee ere oe Arde dle CoN AL Ke TS Sty EE EAL Soh eh eR i 


CTT CAT CAG GAC CCA CGC AAA CTA CAG CTG AAT CAA TCC AAG AAT AAT ATC CCA AGA GCA 780 
oe ee Oe ee en Ce Guee ens @ 7 sey Ni TONS: skee Ne eN) geo Ps > Re a A 


CGG CIG AGA ACT CTA AAG ATG ACA GIG GCA TIT GCC ACC TCC TTT GIC ATC TGC TGG ACT 840 
Fe Ce el en iimerte BV A Ene GAT Shae im Vi a CWE SE 


CCC TAC TAC GTC CTA GGA ATC TGG TAC TGG TTT GAT CCG GAA ATG TTA AAC AGG GIG TCA 900 
eee ema Vice one Gees niger, 6 TWiT PE VID) “Pah sbi Mi mori: Wits “Roa {Mie 5) 


GAG CCA GIC AAT CAC TTC TIC TTT.CTIC TIT GCT TIT CTA AAC CCG TGC TIC GAC CCACIT 960 
ee Vane Niele eC OP ks AS Re oe NP: eC! OR Dix Pi ab 


TA TAT GGG TAT TTC TCT TTG TAA TIGGGA GACTACCCAA GCACTTIGIGC TGAAACCCAT 1020 
i ov © VF S Jy SOS 


ATACGGGATA ACTTATGTCA CCGGTTGAGA ATAAGCTCAA AGCTTGCAAC ATACCTATGT 1080 
GCAAGCAAGG CAGGGTTTGG GCTICAGGTTA GCAGOCTTGT CCATATACAG AGTTIGTIGT 1140 
TAGCG 1145 

Fic. 2. Full sequence of the rat pituitary GnRH receptor cDNA and deduced amino acid sequence of the protein. 


Nucleotides are numbered, starting with the initiating codon, ATG. Negative numbers represent 5’-noncoding 
region. 


are 


pituitary gland with different nucleotide sequences _ receptor was present in the pituitary in situ on 13.5 
in 5-upstream noncoding region with identical days of fetal life [2, 9]. Whether the receptor was 
amino acid coding region. Northern hybridization _ the products of heterogeneous mRNA or not was 
experiment also showed heterogeneity in the size _left unanswered. To solve this question, the 
of GnRH receptor mRNA of rats [10] and mice knowledge on genomic DNA is needed. 
[16]. 

GnRH receptor is widely distributed in tissues 
and concerned with various physiological activities 
[5]. Interested in the effect of GnRH on the This study was supported in part by Grants-in-Aid 
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A 

rat (96) + TGATGG GCTATCICCA TTTCATTGCA AATATTCCGG -41 
rat’ CAC .AGG.TCAGT .ACG..AAA. .CATCAG.A. -41 
mousel CA -41 
mouse2 AGAA -41 
human G.TGT GC.G.CAGT. -41 
rat 9 
rat’ 9 
mousel 9 
mouse2 9 
human 9 
B (b) 

rat GCACTTGTGC 1010 
rat’ i 986 
mousel .CAGAT 1010 
mouse2 te -CAGAT 1010 
human : ae 6. CALAT) igi 
rat TGAAACCCAT ATACGGGATA fet ae ae esa ATAA-—--GCT 1057 
MOUS Cia Avere o ote oo 6 TGR CAA ee: Sosa, OAS 
MOUSCZAET Arar pra NERG eA: RE. 5 ree on yen ake 5 Ae 6 ILO4Y 
human = oo -GNNEG Go o/\c == NEN. s€. oR. 5 AARC. oG 'G.TTAA.A 1059 
rat CAAAGCTTGC AACATACCTA TGTGCAAGCA AGGCAGGGTT TGGGCTCAGG 1107 
mouseile ye ee aa SER (Gin GAT SK Re Pe ee Rae ANAS eile oi. LOSS 
WMOUSEZ = scooccce SPD AG iit GAR AIL | 5 ayiclen ed ee a ee JVA Goo WA LOS 
human sare lbGu a aGu Goch Gli, GA CAR rN IAT 5 6 dN VAGING GIP ONG LLOY 
rat eae ae TGTCCATATA CAGAGTTTGT TGTTAGCG 1137 
mousel ap so Ms Moe eee Seb euch de bce bate L el  UE eR er ee NC GRCING=P (416)) ILL 339) 
mouse2 ...T. ae net SIEM OCR aR MS GALE me el One de ACR WAGE (46) 1139 
human soo leo —=s _C.TTTAGA. === CCA, Cr.C. ALEC MONA (SSS) ILiLA7 

Comparison of nucleotide sequences of 5S’ (A)- and 3’ (B)-noncoding region of rat [10], mouse [16, 18] and 


human [11] GnRH receptors. The sequence of rat GnRH receptor reported by Kaiser et al. [10] is shown in the 


second line with “rat’” 


and Reinhart er al. [16], respectively. Dots represent identical bases with our rat GnRH receptor. 


title. The sequences titled “mouse1” and “mouse2” are reported by Tsutsumi er al. [18] 


Dashes 


represent deletion of bases. Box (a) is conserved region among these species. Box (b) is predicted amino acid 


coding region. 
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velopmental biology, reproductive biology, endo- 
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REVIEW 


Control Strategies of Thyroid Hormone Monodeiodination 
in Vertebrates 


EpUARD R. KUHN, KoEN A. MoL and VEERLE M. DARRAS 


Laboratory of Comparative Endocrinology, Catholic University of Leuven, 
Naamsestraat 61, B-3000 Leuven, Belgium 


INTRODUCTION 


In all vertebrates thyroxine (T4) is the main or 
even exclusive secretory product of the thyroid 
gland. Mammals may differ since in rats [31], dogs 
[110], mice [111] and even man [49] thyrotropin 
(TSH) stimulates the intrathyroidal conversion of 
Ts to T3. This may lead to a release of T3 from the 
thyroid prior to T, following stimulation by TSH 
or TRH as has been shown to occur in sheep [86]. 
Nevertheless, it has been calculated that more than 
80% of the body’s T3 and rT; is derived from 
peripheral deiodination of T, [9, 30]. 

In non-mammalian vertebrates an injection or 
release of TSH increases plasma concentrations of 
T4 without a detectable influence on circulating 
levels of triiodothyronine (T3). This has been 
shown in fish [61], amphibians [50], and adult 
chickens [58, 60]. In quail [81] and chick embryos 
[58] TSH increases plasma concentrations of both 
T3 and Ty. In quail there is little change in the 
plasma T3 to T, ratio after TSH stimulation, 
whereas in the chicken this ratio is decreased. 
Consequently virtually all circulating levels of T; 
and of reverse T3 (rT3), if detectable, are the result 
of deiodination reactions occuring in peripheral 
tissues. 

Degradation of T, is primarily by deiodination, 
but a lesser fraction may undergo conjugation, 
side-chain deamination or decarboxylation, and 
ether bond cleavage [9, 73]. Monodeiodination of 
the phenolic ring of Ty, is called the outer ring 
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deiodination (ORD) (5’-monodeiodination 
(5’'D)). By this reaction T, is converted to 3,3’ ,5- 
triiodothyronine (T3) and 3,3’,5’-triiodothyronine 
(rT3) to 3,3’-T>. The other reaction is the 
monodeiodination of the tyrosyl ring, called the 
inner ring deiodination (IRD) (5-monodeiodina- 
tion (SD)). IRD converts Ty to rT3 and T3 to 
3,3’-T> (Fig. 1). Since T3 is considered to be the 
only active thyroid hormone, the ORD reaction 
may be regarded the activating pathway of T, 
metabolism as it produces T3, while the IRD 
reaction is considered to be the inactivating path- 
way as it produces the inactive rIT3 and degrades 
the active T3. Since the relative rates of ORD or 
IRD appear to determine the ultimate biological 
effect of the Ty secreted by the thyroid gland, it 
should be clear that any factor, endogenous or 
exogenous, influencing this balance, is very impor- 
tant for thyroid hormone formation and activity. 

T3 exerts its biological effect by binding to 
nuclear binding sites [85] and may originate from 
the intracellular T, to T3 conversion or be derived 
from the plasma. Local T3 production is important 
in the anterior pituitary and the brain, whereas in 
other tissues e.g. the liver, kidney and heart the 
T3, derived from blood plasma, occupies about 
75% of the bound nuclear binding sites, while the 
receptors of these tissues are 50% saturated [100]. 
However, these hormone importing tissues are 
usually hormone exporting ones as well. 

In the following review a comparison with the 
mammalian model is made of the different deiodi- 
nase types as found presently in vertebrates. Since 
the activity of these enzymes may vary consider- 


874 E. R. Ktun, K. A. Mor ann V. M. Darras 


a 


IRD_~~ iG 


KO 
4 
| Ma 
4) an ia — COOH 
| I 


rT, 
ORD 


ORD 


| NH, 
ah {oct — COOH 
| | 


Anis 
Ha 
IRD : 


4 


NH, 
| 
eG a eee — COOH 
| | 


Fic. 1. 


ably during development, these data as far as 
available are included also (see also McNabb [79]). 


THE MAMMALIAN MODEL 


a. The different deiodinase types of mammals 


Three different iodothyronine deiodinating en- 
zymes have been distinguished, according to the 
selectivity of the reactions they catalyze, their 
substrate preference and their susceptibility to 
inhibition by 6-propyl-2-thiouracil (PTU) [55]. 
The most important features of the different types, 
based mainly on studies in rats, are summarized in 
Table 1. 

The biochemistry of these three deiodinases has 
been comprehensively reviewed by Leonard and 
Visser [73]. Since then, considerable effort has 
been put in the purification of these enzyme types. 
Up till now, all reports deal with the isolation of 
one protein, with characteristics corresponding to 
the type I enzyme. No progress is published 


concerning the purification of the other empirically 
defined deiodinase types, but this could of course 
be linked to the fact that these enzymes are only 
present in low amounts compared to the type I 
enzyme. 


2 


Sequential outer ring deiodination (ORD) and inner ring deiodination (IRD) of T, to To. 


It is proven that during subcellular fractionation, 
the activity of all three types of deiodinase is 
associated with the crude microsomal (Mx) frac- 
tion, including all membrane fractions. To express 
activity, however, they all need the presence of a 
cytosolic cofactor. The exact nature of this cofac- 
tor remains uncertain, but the importance of sulf- 
hydryl groups seems to be generally accepted. 
Some studies even suggest that the intracellular 
ratio of reduced glutathione (GSH) to oxidized 
glutathione (GSSG) could be the intracellular 
modulator of the ORD activity in vivo [43]. Sever- 
al reduced thiols (RSH) have been shown to 
stimulate the deiodination reactions in vivo and in 
vitro, and the cofactor most oftenly used in vitro is 
the thiol reducing agent dithiothreitol (DTT). 


b. Evaluation of the enzyme assays 


Since the most important biochemical properties 
of the 3 mammalian enzyme types are presently 
known, it is possible to develop specific standar- 
dized tests for each enzyme type. This greatly 
facilitates the comparison of results from different 
research groups, something that proves to be dif- 
ficult for many of the earlier results because a great 
variety of tests have been used and it is not always 
clear which enzyme type(s) interfere in the assay. 
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TABLE 1. 
deiodination; IRD=inner ring deiodination 


Characteristics of the different deiodinating enzymes in mammals; ORD=outer ring 
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Main liver CNS CNS 
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localization thyroid AT skin fetal 
placenta intestine 
Substrate 1T3>T,>T3; I Ssells T3>T4 
preference 
Kn Ty: 2 uM Ts: 1nM Ty: 50 nM 
T;: 5-10 p~M T3: 10nM 
1T3: 0.1 uM 1T3: 2 nM 
Thiol requirement 3mM 20 mM 10 mM 
PTU inhibitory no or little effect no or little effect 


When comparison has to be made with deiodina- 
tion studies in non-mammalian vertebrates even 
more difficulties arise. Only in very few species 
attempts have been made to characterize in detail 
the biochemical nature of the enzymatic activity 
measured although this is essential for correct 
interpretation of the results. A good example for 
this is the in vitro test on liver (or other tissue) 
homogenates where the amount of T3 is measured 
after incubation with T, as substrate. This test has 
been widely used for measuring the so-called T3 
producing activity by ORD (5D). However, de- 
tailed studies showed that, especially in tissues 
where also type III activity is present, the T3 
recovery in this test was influenced both by T; 
producing (ORD) and T;3 degrading (IRD) activity 
[24]. The use of low substrate and high enzyme 
concentration even increased the relative impact of 
IRD in the “5’D” test and therefore it cannot be 
regarded as a reliable ORD test. From this it can 
be concluded that it is very important to choose a 
test procedure that is specific for the enzyme type 
to be measured and that results from non- 
standardized assay procedures must always be 
compared with great care. 


c. Evolution of deiodinases during development 


The placenta of several mammals studied have 
type III deiodinating activity which may serve as a 
barrier to prevent trans-placental passage of T, 
and T3 from the mother to the fetal serum. This 
may account for the majority of the amniotic fluid 
and serum rT3 and the observed peak in rats at 
gestation day 16 of both placental type III and 
amniotic fluid rT3 [18, 93]. Normal fetal serum 
levels of T3 are low and of rT3 high whereas T, 
concentrations rise progressively to the end of 
gestation. Immediately after (lam, infant) birth a 
dramatic rise in T3 occurs independently from the 
simultaneous surge in serum TSH indicating a 
rapid activation of T; ORD. The altricial rat is 
somewhat different in this regard since neuroen- 
docrine control of thyroid embryogenesis is only 
completed after parturition and maximal T; levels 
will not be obtained before 4 weeks of age [32]. 
Rat and human placentae also can convert T, to T3 
by type II activity, which may be important to 
maintain normal placental and/or decidual func- 
tion. In fetal sheep type I and type II pathways are 
described in BAT suggesting that type I may be 
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important for T3 supply to the plasma while type II 
has a function in thermogenesis [56]. 

Despite low circulating levels of T3 during de- 
velopment in mammals, the presence of type II 
ORD activity in brain and hypophysis may be 
important for intra-organ T3 production and the 
development of the central nervous system. Sup- 
port for this comes from the observation that 
hypothyroidism in fetal and neonatal rats increases 
type II ORD in these tissues and BAT [56]. 


d. Influence of growth hormone (GH) on deiodi- 
nase activity in mammals 


A decrease in plasma T, and an increase in 
plasma T3 occur in patients with pituitary 
idiopathic dwarfism receiving human GH [34, 91, 
96]. In the newborn lamb ovine GH (oGH) but 
not ovine prolactin (OPRL) may increase the plas- 
ma concentrations of T3 and to a minor extend free 
T, whereas rT3 decreases [63]. High levels of GH 
have been reported in blood of fetal lambs and 
these levels decrease after birth, despite continued 
postnatal growth [1]. These observations suggest 
that GH may be a candidate for the activation of 
thyroid hormones by increasing the transformation 
of T, to T3 and decreasing the formation of rT3. 

In fed dwarf goats oGH raised plasma concen- 
tration of T3 without affecting Ty. This increase 
was more pronounced when goats were food de- 
prived for 7 days. Here at the same time the 
hepatic, but not the kidney, ORD activity (meas- 
ured as the T3 recovery from tissue homogenates 
incubated with T,, see evolution of assays) was 
stimulated following the GH injection [48]. In- 
terestingly, in cows bovine somatotrophin (BST) 
increased milk production and hepatic DNA with- 
out altered serum concentrations of T, or T3. 
ORD-activity (T3 recovery from T,4) was un- 
affected in homogenates of liver and kidney but 
increased about twofold in mammary tissue in 
response to BST [15]. Following prolonged BST 
treatment however increased ORD-activity was 
found in kidney and liver [95], but again the in 
vitro method used can not distinguish between an 
increased Ty, into T3 conversion (ORD) or inhibi- 
tion of T3 degradation (IRD). 

In rats plasma concentrations of thyroid hor- 
mones (TH) were not influenced following GH 


injections, but hepatic 5’D activity (T3 recovery 
following T, administration) was increased [62]. 
Observations on rats have also demonstrated that 
a continuous infusion of GH at a dose of 120 yg/ 
day throughout 3 weeks is capable of increasing 
the amount of locally produced T; in the liver, 
whereas plasma concentrations of T3; and T, re- 
main the same as in controls [42]. More recently 
the effect of GH and Ty, substitution on liver 
deiodinase type I activity was checked in 
hypophysectomized rats. Hypophysectomy se- 
verely depressed this activity and GH substitution 
alone significantly increased this activity. When T, 
was administered alone ORD-I was normalized, 
but GH together with T, administrations resulted 
in a rather depressing effect indicating a modulat- 
ing role for GH of the T, effect on this specific 
enzyme activity [6]. 


DEIODINATION IN BIRDS 
a. The presence of deiodinases 


Chickens, Japanese quail and ring doves are the 
birds most often used in avian deiodination stu- 
dies. Nearly all of the kinetic studies on ORD and 
IRD activity hav been performed on liver tissue, 
either on whole tissue homogenates or crude mic- 
rosomal fractions (Table 2). The presence of a 
type I enzyme has been documented most exten- 
sively in chicken and quail liver [37, 78], although 
ORD has also been described in kidney [23, 78]. 
Contrary to the situation in mammals considerable 
type III activity was demonstrated in chicken liver 
[7, 20, 22, 24, 37, 46]. However no ORD-II like 
activity could be found. 

In chicken brain, both type II and type III-like 
activities have been found (Rudas, personal com- 
munication). All these results taken together lead 
to the assumption that the deiodinase system of 
birds is very much like that in mammals [79]. 


b. Ontogeny of deiodinase activity 


In the chick embryo the hypothalamo- 
adenohypophyseal-thyroid axis appears to be func- 
tional at about days 10-13 of development [104]. 
Plasma concentrations of T, increase during 
embryonic life and reach a maximum at day 20 of 
incubation. Plasma levels of T; are however low 
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TABLE 2. 
on homogenates (1) or microsomes (2) 


Characteristics of iodothyronine deiodinases in avian hepatic tisuue. 
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Measurements are made 


S Activi K tiproduced) ew ELU f 
ecies ctivity fi pmol produce Parner Reference 
P mg prot/min inhibition 
chicken (1) ORD Ta: 1.16 uM 45 T3 yes Lam & Harvey [67] 
chicken (1) ORD-I Ty: 0.57 uM 102 T; yes Rudas [94] 
tT3: 0.12 uM 214 I~ 
quail (1) total ORD Ty: 1.58 uM 0.029 T; part McNabb et al. [80] 
chick embryo (2) ORD-I TT3: 0.14-0.18 uM 200-650 T, yes Galton & Hiebert [37] 
IRD-III T3: 2.91-3.96 nM 0.20-2.68 T2 no 
ring dove (1) ORD-I tT3: 0.44 uM 255 rT3 degr. yes Rieman & McNabb [92] 


up to day 19 of incubation and increase during 
pipping and hatching. Embryos that have perfo- 
rated the air space membrane on the day prior to 
pipping have increased T3 levels, whereas T, does 
not change. The consequent sharp increase in T3/ 
T, ratio following the transition of an allantoic into 
a pulmonary respiration suggests that T3 has an 
important role in the proces of pipping and hatch- 
ing [59]. 

The hepatic type I activity showed a 3-fold 
increase in the chick embryo up to the period of 
pipping and hatching and decreased thereafter. 
Hepatic type III activity increased 3-fold between 
incubation day 14 and 17, but decreased more than 
10-fold to almost basal levels which persisted post- 
hatching [7, 24, 37, 64, 105] (Fig. 2). The decrease 
in type I activity observed in posthatch chicks is 
comparable to results on total liver ORD in post- 
hatch quail using the T3 recovery method [46]. 

The changes found in these precocial birds are 
clearly different from the ontogenic pattern of 
deiodinases in mammalian liver. In the altricial rat 
5’D-I activity increases during the last week of 
gestation and continues to increase after birth, 
while IRD-III activity is low and comparable in 
fetal and adult liver [40, 45]. In sheep too, kinetic 
studies show that the ratio of mean production rate 
of rI3/T, (IRD) is similar in fetal and maternal 
sheep, while the ratio of mean production rate of 
T3/T, (ORD) is much lower in the foetus [17]. 
However, although type III activity seems not 
important in mammalian fetal liver, substantial 
activity is found in the placenta, where it decreases 
during the last days prior to parturition [93]. 


d. Influence of GH on deiodinase activity in the 
chicken 


Several studies have revealed that GH is re- 
sponsible for the dramatic changes in TH which 
occur in the chick embryo at the end of incubation. 
So, an injection of total GH into chick embryo (3, 
21], the glycosylated variant of cGH [2] or 
hypothalamic hormones which release GH [65] 
will stimulate T3 levels in circulation. This effect 
however is no longer present in normally fed 
chicks 2 days after hatching [23]. 

The in vivo increase in T3 can be linked to an 
increased ORD activity measured as in vitro T3 
recovery from liver homogenates incubated with 
T, [23, 58]. Specific type I and type III deiodinase 
tests, however, show that GH has no effect at all 
on the amount of hepatic type I enzyme (catalyzing 
T, deiodination to T3) but acutely decreases the 
activity of the type III enzyme (catalyzing T3 
deiodination). This suggests that the GH-induced 
increase in plasma T; is not due to an increased T3 
production, but is the result of a decreased T3 
breakdown. The lack of stimulatory effect of GH 
injection in 3-day-old fed chicks might be the 
combined result of a low hepatic type III enzyme 
level and a low GH receptor availability at that 
stage [20, 24, 107] (Fig. 3). 

Since posthatch chicks lack the ability to in- 
crease plasma concentrations of T3 after GH injec- 
tion, one can question the importance of GH in 
maintaining plasma levels of T3 during growth in 
the chicken. The IRD-III activity is however very 
low during growth, indicating that endogenous GH 
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Ontogeny of ORD-I and IRD-III activity in the liver of chickens during the last week of embryonic 


development and the first week posthatch. Values shown are mean+SEM for five different pools. Means with 
the same letter are not significantly different (ANOVA, P<0.05) (Darras et al. [24]). 


may exert already a maximal inhibitory effect on 
T3; degradation. This has been shown by 
hypophysectomy which clearly increases IRD-III, 
whereas injection of GH counteracts this increase 
[22]. Moreover, an injection of anti-GH into 


4-week-old chicks decreases plasma concentrations 
of T; compared to controls. These observation 
confirm that the regulation of hepatic type III, but 
not of type I deiodinase, is GH dependent. 

The question arises which factor might interfere 
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injection of saline or 20 ug chicken GH/animal. Means+SEM for 10 different pools/group. **P<0.01, ***P< 
0.001 compared to control groups of the same age (ANOVA) (Darras et al. [20]). 


with the control of ORD-I and hence the peripher-__ did no differ from sham operated controls after 1 
al production of T3. In growing chicks T, levels are | week [22]. Also, a positive correlation was found 
maintained up to 1 week after hypophysectomy between plasma concentrations of Ty, and the 
whereas ORD-I slightly decreased after 3 days, but hepatic type I activity during ontogeny [24]. In 
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rats, this stimulatory effect of T, on ORD-I was 
known for sometime [54] and recently it has indeed 
been shown that thyroid status regulates the tran- 
scription of type I mRNA in rat liver microsomes 
[5]. Hypophysectomy notoriously decreased GH 
plasma concentrations but increased dramatically 
the number of GH receptors in the chicken liver 
[106]. This way the higher level of IRD-III activity 
will make an effect of GH more easily detectable 
since the higher availability of receptor sites furth- 
er increases the effectiveness of the injected GH. 

In the adult chicken, an injection of GH or TRH 
increases plasma concentrations of T3, whereas T, 
even might be decreased [58, 60, 63, 66]. 
Although ORD-I activity is present in hepatic 
microsomal fractions, though less than in growing 
chickens, an injection of GH does not affect the 
amount of this enzyme and therefore does not 
stimulate the in vitro conversion of T, into T3, as 
previously postulated. Instead GH decreases 
IRD-III and inhibits therefore T; degradation in 
adults as it does in embryos and growing chicks 
[20]. 


DEIODINASES IN REPTILES 


Extrathyroidal conversion of T, to T3 has been 
shown in a lizard (Calotes versicolor) after in vivo 
T, injections. This conversion can be inhibited by 
IOP administration [16, 57]. In vitro characteriza- 
tion of hepatic ORD activity has been performed 
on another lizard, Sceloporus occidentalis, reveal- 
ing the presence of a high K,, enzyme inhibited by 
PTU, comparable to the mammalian and avian 
ORD-I enzyme [53]. 


PERIPHERAL PRODUCTION OF T; 
AND rT3 IN AMPHIBIANS 


Plasma concentrations of thyroid hormones are 
low during the life cycle of all amphibians studied 
and thyroid hormone action in postmetamorphic 
animals is poorly understood. Only during climax 
a profound increase in TH occurs, which appears 
to be indispensable for the induction of meta- 
morphosis. Complete metamorphosis can be in- 
duced with T3, T, or TSH, which is known to 
increase plasma concentrations of T,, but not of 


T3. 


a. Deiodinases during metamorphosis 


The occurrence of T,; ORD activity in amphib- 
ians was first suggested in anuran tadpoles [71], 
mainly based on the plasma T3 surge during cli- 
max, which may even surpass Ty, and the constant- 
ly very low T3/T, ratio in the thyroids throughout 
metamorphosis, in Xenopus laevis [71, 98], and in 
Rana catesbeiana [101]. Confirmation was 
obtained when injection of 1257_T, into transform- 
ing tadpoles of Xenopus laevis [72] and Rana 
catesbeiana [41] revealed peripheral production of 
2°1-T3. This ORD is thyroid hormone dependent 
and reaches maximal activity at midclimax [11]. 
The conversion of Ty into T3 appears to be a 
fundamental step in thyroid hormone induction of 
metamorphosis. Delayed metamorphosis together 
with a significant reduction in peripheral T3 pro- 
duction are obtained with inhibitors of this ORD 
activity [10, 36]. By inhibiting the ORD activity 
and IRD activity, both present in premetamorphic 
bullfrogs, using iopanoic acid (IOP) and subse- 
quent exposure to T3, increased leg length and 
hepatic carbamyl phosphate synthetase activity, 
two indices of metamorphosis, could be obtained. 
These indices however were inhibited after expo- 
sure to T, indicating the importance of a T, to T3 
conversion during metamorphosis [36]. 

A detailed study of different tadpole tissues 
indicates that the ORD system exhibits K,, values 
for T, and rT3 in the nM range and that Ty, is the 
preferred substrate. This activity is also unaffected 
by 1 mM PTU in the presence of 10 mM DTT and 
all these properties are comparable with the 
mammalian ORD-II enzyme [38]. The partial 
inhibition of ORD by PTU in the presence of low 
DTT concentrations as observed in Rana cates- 
beiana [38] and Rana ridibunda [51] tadpoles is not 
really in contrast with the characteristic of a type II 
enzyme. Such an inhibition has also been reported 
by Goswami and Rosenberg [44] for ORD-II in rat 
brown adipose tissue. 

Generation of T3 from Ty, in vivo in Rana 
catesbeiana tadpoles was not demonstrable until 
just before either spontaneous or induced meta- 
morphic climax [39]. This could be due to the 
absence of T3 generating activity or prevention of 
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T3 accumulation by the presence of IRD-III. Dur- 
ing premetamorphosis, IRD-III activity with a 
substrate preference for T; and a K,, value of 3.7 
nM was found in liver gut and kidney. This activity 
was not inhibited by 1 mM PTU in the presence of 
20 mM DTT and therefore relates the amphibian 
IRD enzyme to the mammalian IRD-III. At the 
same time ORD activity was undetectable during 
premetamorphosis in liver, tail, heart and kidney, 
minimal in brain and gut and could be quantitated 
only in skin. At mid climax this activity was 
increased more than 5-fold in skin and gut with tail 
tissue also acquiring ORD activity when tail re- 
sorption commences [39]. 

The situation in premetamorphic tadpoles there- 
fore resembles the one in embryonic chickens with 
the presence of high SD-III activity that declines 
rapidly at the end of incubation reaching minimal 
levels posthatching [24]. This way high concentra- 
tions of T3 are obtained at metamorphosis or prior 
to hatching by an increase in T3-generating activity 
together with a profound decrease in T3-degrading 
activity. 

In the neotenic axolotl evidence for the role of 
peripheral ORD activity is equivocal. In neotenic 
axolotls the thyroid T3/T, ratio (2.41 +0.18% (n= 
12)) did not differ from content ratio in meta- 
morphosed animals (2.01+0.23% (n=13)), 
whereas the plasma ratio was significantly elevated 
in both conditions (8.7 +0.7 (n=12) and 16.3+1.8 

(n=13) respectively). The higher plasma ratio in 
metamorphosed animals may indicate a more pro- 
nounced peripheral T3 generating activity follow- 
ing metamorphosis. However ORD activity as 
measured in vitro by the production of T3 follow- 
ing addition of unlabelled T, could not be detected 
in liver or kidney homogenates from either neote- 
nic or metamorphosed axolotls [52]. 


b. Adult amphibians 


The existence of ORD activity in adult frogs has 
been demonstrated by the peripheral in vivo pro- 
duction of }*I-T3 from !°I-T, in Rana catesbeiana 
[35], Xenopus laevis [11] and Necturus maculosus 
[35]. Following injection of unlabelled T, and 


consequent T3 radioimmunoassay this activity was 
also detected in Bufo marinus [97]. 
Using the T3 generating capacity as measured by 


RIA of tissue homogenates following addition of 
unlabelled T, as an index for ORD activity it was 
found that in Rana ridibunda the kidney and not 
the liver exhibited considerable activity [51, 108] 
with a significant annual variation. This T3 produc- 
tion was very high in April, May and June and was 
followed by a minimum in July and August. This 
T, to T3 conversion could also be detected in skin 
homogenates prepared from these frogs. Using an 
alternative approach of this in vitro technique by 
incubating tissue homogenates with radioactive 
substrates (rT3 or Ty for ORD and T3 for IRD) 
followed by chromatographical separation of the 
resulting products, both ORD and IRD-III could 
be monitored in Rana catesbeiana. IRD-III activ- 
ity was detected in liver, kidney, heart, intestine, 
brain, muscle and skin. In contrast, ORD activity 
was not detected in any of these tissues except gut 
and skin as in the tadpole [39]. Other investiga- 
tors, however, suggested that in the kidney of 
adult frogs ORD activity may be present with 
preference for T, as substrate and therefore re- 
sembling the mammalian type II enzyme [51]. 


DEIODINATION IN FISH 


a. Deiodinases present in fish 


After an initial failure to measure deiodinase 
activity in liver of Salvelinus fontinalis [68], prob- 
ably due to the absence of thiol factors and the 
insensitivity of the detection method, deiodination 
was mainly studied in vivo, following the kinetics 
of !*°J in plasma of fish injected with '°I-T, [26]. 
Later deiodination activity was quantified after 
incubation with T, as substrate by measuring the 
T3 recovery in tissue homogenates by radioimmu- 
noassay [69] or by measuring the amount of 
radioiodide produced after separation on G-25 
Sephadex columns [87]. Only later the depend- 
ence on thiol factors was evidenced [29] and more 
precise results were obtained using microsomal 
fractions instead of homogenates [99]. Salmonids 
and the eel were mostly used for T, deiodination 
studies in fish, but Leatherland et al. [70] surveyed 
thirty-three species from different teleostean fami- 
lies. 

Deiodination activity is mainly found in liver 
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% deiodination 


Liver 


Fic. 4. 


Kidney 


Deiodination rate in different subcellular fractions of liver and kidney of Oreochromis niloticus after 


incubation of 1 mg protein with T, and rT;. H=homogenate; P1=25,000 x g pellet; P2=100,000 x g pellet; P3= 


100,000 x g upper layer; S=10,000 x g supernatant. 


and kidney [14, 69, 76] although other tissues, like 
gill and muscle display T3-producing activity too. 
Far less is known about the exact nature of the 
deiodinases present in fish. Until now a detailed 
characterization of different types of enzymes, 
similar to the mammalian types, is only done in 
tilapia [84], where the liver ORD resembles the 
mammalian type II and the kidney enzyme has 
similar characteristics as the mammalian type I, 
but is insensitive to PTU and other seleno-protein 
inhibitors (Fig. 4). In other species a comparison 
with the mammalian model is difficult since only T, 
is used as substrate and only PTU is used as 
enzymatic inhibitor. This way a low K,,-enzyme is 
found in trout liver together with a high K,,- 
enzyme, which is also present in kidney [76]. 


b. Ontogeny of deiodination 


In tilapia, monodeiodination of T, into T3 is very 
low in fertilized eggs and larvae until 5 days after 
hatching and afterwards it increases until 30 days 
after hatching [90]. No further data are present for 
the ontogeny of deiodinases in fish. 


c. Hormonal regulation of deiodinases 


Extensive evidence exists for three groups of 
hormones affecting deiodinases in fish: e.g. growth 


hormone, cortisol and gonadal steroids. 

In eel (Anguilla anguilla) GH from various 
vertebrates increases the conversion of Ty to T; 
[25]. In rainbow trout (Oncorhynchus mykiss) 
similar results were obtained [75, 77], although 
recently Sweeting and Eales [103] demonstrated 
that GH has no direct effect on the deiodinase 
activity in cultured hepatocytes. Totally contradic- 
tory results were obtained in tilapia, where soma- 
tostatin seems to increase T3 production during 
hyperthyroxinemia [13, 14]. 

In general, a decrease in plasma T3 levels is 
observed following cortisol treatment due to an 
increased clearance rate from the blood [88, 89]. 
In Salvelinus fontinalis [109] and in Cyprinus car- 
pio [4] cortisol stimulates the in vitro conversion of 
T, into T3, while in Oncorhynchus mykiss no effect 
was found [8]. Testosterone and other male ster- 
oids [74] or their derivates have stimulatory effects 
on the conversion of T, into T3 [47]. High doses of 
17£-estradiol, which are present during vitel- 
logenesis, inhibit monodeiodination of T, into T3 
[19], while low doses seem to have a stimulatory 
effect [33]. 

When plasma concentrations of T, are elevated 
following a TSH, porcine FSH or ovine LH chal- 
lenge, little or no changes in plasma T; levels can 
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be observed [12, 82, 83]. It seems, however, that 
during hyperthyroxinemia at least in the tilapia, 
deiodination pathways try to restore normal T, 
levels by degrading T, into rT; [12]. An induced 
excess of T3 on the other hand leads to production 
of rT3 together with an inhibition of T, deiodina- 
tion [27, 28, 102]. 


SUMMARY 


In all vertebrates the main secretory product of 
the thyroid gland is thyroxine which may be con- 
sidered as a relatively inactive prohormone to be 
used as a substrate for deiodination processes in 
peripheral tissues. Activation and inactivation of 
T, occurs in the presence of outer ring (ORD) and 
inner ring deiodinases (IRD), respectively. 

Mammalian type I deiodinase is found in birds 
only, whereas in cold blooded animals no clear 
evidence for the presence of exactly the same 
ORD-I is existing. Several ORD and IRD activi- 
ties have been described for amphibians and fish 
with different biochemical characteristics. 

The tissue localisation of these deiodinase types 
differs profoundly among vertebrates. 

During ontogenesis high plasma levels of T3 
occur at parturition or hatching in precocial mam- 
mals and birds, and at metamorphic climax of 
amphibians. Evidence is existing that these high 
levels may be obtained by an increased ORD-I or 
ORD-II activity but also by a decreased IRD-III 
activity resulting in an inhibition of T3 degrada- 
tion. 

In mammals, birds and fish GH has been de- 
scribed as a stimulatory agent for ORD-activity. 
At least in the chick embryo, GH does not increase 
the amount of ORD-I but inhibits IRD-III activity 
and by doing so T3 degradation. 
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Passage to the Terrestrial Life in Amphibians 
II. Endocrine Determinism 
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ABSTRACT—In many amphibians, the departure from water associated with the metamorphic events 
is controlled by a number of hormones. The most important are the thyroid hormones. After they 
bind to the nuclear receptors, the thyroid hormones trigger a number of mechanisms by acting at the 
genome level. These hormones control the synthesis of many specialized proteins during cell 
differentiation and degeneration. Thyroid hormone activity is a necessary condition for metamorpho- 
sis and departure from water in many amphibians. However, it is not in itself sufficient and other 
hormones intervene also. Cortical steroids such as corticosterone or aldosterone play a part in 
up-regulating metamorphosis. On the contrary, prolactin and growth hormone can inhibit certain 
metamorphic events in larvae, thus maintaining them in an aquatic environment. Moreover, 
neurohypophyseal hormones, aldosterone or prolactin regulate the hydromineral equilibrium which 
optimizes water conservation in the metamorphosed animals, while they migrate towards the terres- 
trial habitat. Finally, a complex endocrine determinism presides over the environmental transitions 
observed in modern amphibian development. 


CONTENTS 


Introduction 
is Main types of responses to thyroid hormones 
II. Variations and control of the thyroid hormones level during metamorphosis 
A. Circulating hormones 
B. Cellular level 
Ill. Mechanisms of thyroid hormone activity in amphibian larvae 
A. Thyroid hormone receptors 
B. Thyroid hormones and cell division 
C. Inducing cell differentiation and degeneration 
IVY. Other metamorphic up-regulating hormones: cortical steroids 
Y. The metamorphosis inhibiting hormones 
A. Prolactin 
B. Growth hormone 
VI. The hydromineral equilibrium regulating hormones 
A. The neurohypophyseal hormones 
B. Aldosterone 
C. Prolactin 
VII. The hormones controlling energy metabolism 
General conclusions 


Received June 10, 1993 


888 J. Hourpry 


INTRODUCTION 


Departure from water in most amphibians is 
prepared by a number of transformations that 
modify the larvae’s organization during meta- 
morphosis. 

Since Gudernatsch’s studies [48], it is admitted 
that amphibian metamorphosis is triggered by an 
increase in the concentration of circulating thyroid 
hormones (3,5,3 -triiodothyronine or T3, 3,5,3’,5- 
tetraiodothyronine or thyroxine or T4), due to an 
increase in the activity of the thyroid gland (Fig. 
1). Thyroidectomy or the administration of anti- 
thyroid agents (thiourea) eliminates metamorphosis 
in the larvae, which nevertheless continue to grow. 
On the contrary, treating the larvae with thyroid 
hormones anticipates the phenomenon in anurans 
as well as in urodeles. The triggering of meta- 
morphosis by thyroid hormones in amphibians is 
the oldest known endocrine effect in poikilother- 
mic vertebrates. 


THYRONINE rood Y-0-( Ven, 6-co0r 
I 1 | | NH2 
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IH IH 
Fic. 1. The two thyroid hormones (3,5,3 -triiodothy- 


ronine or 13, and 3,5,3’5’-tetraiodothyronine or 
thyroxine or T,) are respectively the triiodinated 
and tetraiodinated derivates of the thyronine. 


While the endocrine determinism of meta- 
morphosis has long been focalized on the thyroid 
gland activity, it has now been established that it is 
in fact triggered by the combined effects of a 


number of hormones [22, 24, 25, 34, 41, 52, 61, 88, 
103, 104, 106]. The present article analyzes their 
combined action on metamorphosis. 


I MAIN TYPES OF RESPONSES TO 
THYROID HORMONES 


The vital role of the thyroid hormones in the 
onset of metamorphosis has prompted many au- 
thors to trigger this phenomenon earlier by an 
artificial and brutal increase in the plasmatic level 
of T3 or T,. Experimental metamorphosis is one of 
the best methods of analyzing the effects of the 
thyroid hormones when they enter the cells. The 
larvae used in these experiments are premetamor- 


Fic. 2. Structural requirements for thyroid hormone 
activity on the tail of the anuran tadpole. The 
hormonally active molecule is composed of two 
mutually perpendicular aromatic rings (I and II) 
positioned at an angle of about 120° by a bridging 
atom, O, Sor C(A). An amino acid (alanin, ...) or 
anionic (acetic acid, ...) side chain of two or three 
carbons (B) is attached to the aromatic ring I para to 
the bridging atom. A phenolic hydroxyl (-OH) or 
functionally similar group also para to the bridging 
atom is attached to the aromatic ring II. Both the 
3.5 substituents on ring I must be occupied by 
relatively voluminous groups (C and D) but with 
diameters no larger than 2.9nm (methyl radical, 
halogen, ...). The activity of the basic structure is 
greatly enhanced by a voluminous substituent 
(halogen or alkyl radical) in the 3’ position (E) on 
ring II, but reduced by the simultaneous occupancy 
of the 5’ position (F). These results emphasize the 
thyroid hormone activity is induced by the steric 
characters of the molecule rather than the specific 
presence of iodine. The integration of the halogen 
in the thyroid hormones would be purely accidental 
and point to an evolution favourable to hormonal 
metabolism. From Jorgensen [58]. 


Fic. 4. 


In vitro effects of thyroxine on the tail of an Alytes obstetricans premetamorphic tadpole. Fragments were 


placed in a medium with T, at 5.10-’ M/ml for 15 days. A phagocytic cell (PH) containing the residual bodies 
(RB) of heterophagic vacuoles is located between the epidermal cells (EP). DE, dermis. From Pouyet [84]. 
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The animals were placed in an aqueous T, solution at 10-’ M/ml. A. Intestine section of a control tadpole 
untreated with T,. B and C. Intestine section of a sixth-day treated tadpole. B. On the internal border of an islet 
of embryonic cells (asterisk), the highly chromophilic, lysed primary epithelium (ep1) is being evacuated into the 
intestinal lumen (lu). C. The primary epithelium is altered by the activity of lysosomal enzymes (acid 
phosphatase, cathepsins, ...). Acid phosphatase activity is visualized by its black reaction product (thick arrows). 
ad, adventice; bb, brush border; ch, chorion; ms, muscular sheath. From Hourdry [50]. 
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phic. Some are immerged in a T3 or Ty, solution 
with concentrations of 10~’ to 10°-°M. Others 
receive intraperitoneal hormone injections with 
doses of 0.1 to 1 ug/g of body weight. The in vitro 
treatment of tissue explants with T3 or T, often 
confirms the results obtained in vivo. 

Treating larvae with thyroid hormones triggers a 
series of cellular events already encountered dur- 
ing natural metamorphosis (Fig. 2). Certain larval 
tissues and organs degenerate (tail in anuran tad- 
poles, gills, digestive tract ...) (Figs. 3 and 4). Cell 
proliferation centers emerge in the growing limbs, 
the cerebellum [42] or the digestive tract [53]. The 
various differentiation stages lead to mature cells 
and tissues (dendritic arborization of the Purkinje 
cells in the cerebellum, absorbant brush border in 
the intestinal epitheliocytes, ...) 

Differentiation can be revealed by the acceler- 
ated synthesis of molecular species: hydrolytic 
enzymes in the caudal fibroblasts which become 
phagocytes, new hemoglobins in the neoformed 
red blood cells [33], pepsinogen in the chief cells of 
the stomach, urea-cycle enzymes [5, 111] and 
serum albumin in the hepatocytes. Finally, cell 
migrations are observed after the proliferation 
period, for example, that of the granule cells in the 
cerebellum. 

The larvae treated with thyroid hormones show 
functional modifications similar to those observed 
in natural metamorphosis. The animals acquire a 
saltatory locomotion, a binocular vision and a new 
hydromineral equilibrium, and become carnivor- 
ous. These changes are also associated with a 
migration of the animals towards the terrestrial 
habitat [26]. 

All these experimental changes may be pro- 
voked during precocious larval stages, i.e. a long 
time before the natural metamorphosis. Neverthe- 
less, at first the ability of the tissues to respond to 
thyroid hormones (competence) is not complete 
enough to allow integral metamorphosis in the 
presence of excess hormones. In the beginning, 
this competence is biochemical and concerns RNA 
synthesis [2, 20, 21, 76, 85, 102, 104] and that of 
specialized proteins, before becoming anatomical 
and morphological. In order to be complete, 
competence requires tissue aging compatible with 
a metabolic preparation. When the larvae treated 


J. Hourpry 


are too young, still partial tissue competence can 
hinder a complete metamorphic response and lead 
to an unbalanced development (development of 
the limbs while the tail is still present ...). 


II VARIATIONS AND CONTROL OF THE 
THYROID HORMONES LEVEL DURING 
METAMORPHOSIS 


A. Circulating hormones 


Variations in their level can be observed by 
radioimmunoassay. The plasma levels of T3 and T, 
in anurans (Xenopus, Rana, Bufo ...) significantly 
and temporarily increase during climax [69, 74, 75, 
87, 98]. The peak values obtained in Rana cates- 
beiana are 70 to 150 ng/100 ml for T3 and 0.5 to 1 
vg/100 ml for Ty, which is the major circulating 
hormone (Fig. 5). Besides the species, other fac- 
tors (temperature, light, photoperiod...) can in- 
fluence these results. The plasma concentrations 
of T3 and T, in urodeles (Ambystoma, Notophthal- 
mus, Eurycea, Hynobius ...) can also significantly 
increase during metamorphosis [1, 27, 54, 68, 97]. 

The main elements of the mechanism controlling 
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Fic. 5. Plasma T, and T; levels during development of 


Rana catesbeiana tadpole. The values increase 
significantly at climax. From Miyauchi et al. [74]. 
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the level of circulating thyroid hormones are now 
well known. Weak thyroid activity during pre- 
metamorphosis is due to reduced TSH (thyroid- 
stimulating hormone or thyrotropic hormone or 
thyrotropin) secretion by the adenohypophysis. 
Any unexpected increase in the plasma concentra- 
tion of thyroid hormones can lead to an interrup- 
tion of the TSH secretion, due to the negative 
feedback, and thyroid gland inactivation (Fig. 6). 

Just before metamorphosis, the hypothalamus 
becomes competent towards thyroid hormones 
and matures considerably (Fig. 7). Neurosecre- 
tory centers develop (preoptic nuclei.). A dense 
capillary network forms at the base of the hypotha- 
lamus (median eminence) and connects with the 
hypothalamo-hypophyseal portal vein. A TRF' 
(thyrotropin releasing factor) secreted by the 
hypothalamic centers can then stimulate the re- 
lease of TSH by the adenohypophysis [6, 9, 29]. 
This leads to an activation of the thyroid gland and 
an increase in its hormone secretion. The hypotha- 
lamus then matures faster (Fig. 6). Through auto- 
stimulation of the hypothalamo-hypophyseal- 
thyroid axis, the concentration of circulating thy- 
roid hormones increases rapidly during meta- 
morphosis. 
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Fic. 6. Activity of the hypothalamo-hypophyseal- 
thyroid axis during metamorphosis. A. Premeta- 
morphic tadpole. A negative feedback keeps the 
thyroid activity at a very low level. Any thyroid 
hormone level increase in the plasma stops TSH 
(thyroid-stimulating hormone or thyrotropin) secre- 
tion by the adenohypophysis. Consequently, the 
thyroid gland ceases functioning. Moreover, the 
hypothalamus does not yet control the activity of 
thyrotropes. B. Metamorphic animal. A self- 
acceleration of the hypothalamo-hypophyseal- 
thyroid activity strongly increases the thyroid hor- 
mone level in the plasma, through an increasing 
release of TRF (thyrotropin releasing factor) and 
TSH. The negative feedback described in A is 
masked by the stimulatory effects of this positive 
feedback. AH, adenohypophysis; HT, hypothala- 
mus; TH, thyroid gland. From Etkin [29]. 


Fic. 7. Hypothalamo-hypophyseal relations in an anuran, Rana pipiens, from the climax on. TRE (thyrotropin 
releasing factor) granules are synthesized in several hypothalamic neurosecretory centers such as preoptic nuclei 
(pn), and reach the median eminence (me) through axons 1. These granules are then released into blood 
capillaries (ca) which join a short hypothalamo-hypophyseal portal vein (hhpv). Finally, the TRF granules 
stimulate the thyrotropes located in the pars anterior (or distalis) (pa) of the adenohypophysis (ah). Axons 2 carry 
neurosecretory products towards the neurohypophysis (nh). hth, hypothalamus; inf, infundibulum: pl, pars 


intermedia. From Etkin [28]. 


' This TRF is different from the TRH (thyrotropin 
releasing hormone) found in mammals: a tripeptide 
which up regulates TSH secretion. 


892 J. Hourpry 


When the phenomenon ends, the hypothalamus 
again becomes insensitive to these hormones and 
no longer secretes TRF. The thyroid gland then 
becomes inactive, due to the negative feedback of 
the adenohypophysis. 

An increase in TSH secretion could be triggered 
not only by TRF but also by hypothalamic 
neuropeptides more directly involved in the up 
regulation of ACTH (adrenocorticotropic hor- 
mone or corticotropin) or GH (growth hormone) 
secretion, such as CRF (corticotropin releasing 
factor) or GHRF (growth hormone releasing fac- 
tor) [70]. Their chemical origin is shadowy since 
up to now these peptides have not been isolated in 
amphibian larvae. 


B. Cellular level 


At the target cell level, the thyroid hormone 
concentration is modified by the activity of T4-5’- 
monodeiodinase and T3-5-monodeiodinase, which 
convert T, into T3 and T; into 3,3 -diiodothyronine, 
respectively [36]. Up to the climax, the activity of 
T3-5-monodeiodinase maintains a very low T; level 
in the cells, since the hormone is almost entirely 
transformed into 3,3’-diiodothyronine. At climax, 
T3-5-monodeiodinase activity significantly de- 
creases in certain target cells such as the hepato- 
cytes and red blood cells. Therefore, T3 cannot be 
deiodinated. At the same time, T,-5 -monodeio- 
dinase activity remains weak in these two cell 
types, thus limiting the production of T3 from Ty. 
On the other hand, this activity significantly in- 
creases in the skin, intestine and tail, thus leading 
to a rapid increase in the T; level after T, deiodina- 
tion. 

Therefore at metamorphosis, the modified ac- 
tivities of Ty4-5’-monodeiodinase and _ T13-5- 
monodeiodinase favor the regulation of the thy- 
roid hormones concentration at the cellular level. 
This concentration was initially determined by 
these hormones level in the plasma. Thus, the cells 
can avoid being overexposed to hormones. T3-5- 
monodeiodinase for example can inhibit the action 
of abnormally high T3 concentrations. 


III MECHANISMS OF THYROID HORMONE 
ACTIVITY IN AMPHIBIAN LARVAE 


The different responses to thyroid hormones are 
prepared by a series of metabolic reactions trig- 
gered by the hormones passage into the cells [35, 
39]. The delayed response can be detected in 
treated tissues after about ten days. Furthermore, 
the response is specific and marks the accomplish- 
ment of a preestablished destiny. 


A. Thyroid hormone receptors 


The competent cells can respond only if the free 
thyroid hormones are bound to the nuclear recep- 
tors, after a thermosensitive transport [46, 101]. 
The proto-oncogene c-erbA could be the ancestral 
gene from which the genes coding for these hor- 
mone receptors, and more generally for other 
development signals, come (steroid hormones, re- 
tinoic acid, vitamin D3, ...). [31, 44, 90, 93, 107]. 

Two types of receptors (TRa and TR#), whose 
amino acid sequences are similar to those de- 
scribed in chicken or in man, have been de- 
ciphered [3, 12]. Small quantities of receptors are 
found in very young larval tissues. This could 
explain the early competence of these tissues to 
hormones. These receptors would then be coded 
by maternal messengers found in the oocytes. 
These receptors exist in most of the tadpole cell 
types (red blood cells, hepatocytes, tail cells or 
limb buds cells, ...). They can bind one or the 
other thyroid hormone, but they always have a 
greater affinity for T; than for T,. The affinity 
ratio is 2 for hepatocytes and over 15 for red blood 
cells [36]. This leads to the preferential occupation 
of the receptors by T3 at climax. Thus, T3 is the 
true metamorphic hormone [36, 37, 69], whether 
it is secreted directly by the thyroid gland or 
obtained in the target cells from T, after enzymatic 
deiodination. 

In the cells that will undergo significant changes 
at climax (tail cells that degenerate, totally re- 
placed red blood cells, ...), the number of recep- 
tors increases [116], concomitantly with the con- 
centration of circulating hormones. As a result, 
the competence of the target cells increases. This 
number is multiplied by 5 in the larval red blood 
cells, reaching 2500 per nucleus [36], but falls to 
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under 100 in the neoformed red blood cells. 
However, if the modifications are not as impor- 
tant, as in the hepatocytes undergoing a simple 
biochemical differentiation, the number of recep- 
tors remains about the same. All these results 
have been confirmed during thyroid hormone 
treatments. 


Gene receptors: relationships between their struc- 
ture and the coded domains 


The TRa and TR receptors are each coded by a 
pair of genes, as shown in Xenopus laevis and Rana 
catesbeiana [3, 60, 91, 114, 115]. The structure of 
the TRSA and TRB genes, coding the TRP 
receptors, has recently been analyzed in Xenopus 
laevis [59, 94, 115] (Fig. 8). These genes are 70kbp 
long. The TRPA gene has 14 exons and the TRSB 
has 12 exons. Each one has 2 promoters, located 
upstream from exons a and b respectively. 

Only one initiates TRS-mRNA transcription in 
the presence of thyroid hormones, after RNA 
polymerase binding. The a-i exons code RNA 


C 
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sequences which are poorly translated and give 
very short domains. 

The TRf receptors are more specifically trans- 
lated from exons 1-6 (Fig. 8). The DNA binding 
domain (DNA-B) is essentially made up of two 
folds in the amino acid chain, whose stability is 
guaranteed by the binding of a zinc atom with 4 
cystein molecules. This particular shape accounts 
for the name “zinc fingers” given to these struc- 
tures [66]. The first “zinc finger” is coded by exon 
1: it is bound to DNA by a specific sequence of 
bases it recognizes (hormone response element or 
HRE). The second “zinc finger” is coded by exon 
2: it represents a stabilizing element and keeps the 
recognition structure in place. The thyroid hor- 
mone binding domain (TH-B) is coded by exons 
4-6. Exon 3 furnishes a flexible hinge, connecting 
DNA-B and TH-B. The structure of the thyroid 
hormone receptor is schematized in Fig. 8. 


Receptor messengers 


The information concerning the genes coding the 


DNA 


Fic. 8. Organization of the two Xenopus laevis TR@ genes: TRBA and TR#B. The exons a-i encode a mostly 
untranslated region, and exons 1-6 encode the thyroid hormone receptor 8 (=TRf). Exon 6 of both genes is the 
largest exon. The relative locations of exons a and b are unknown and are, therefore, shown in the same position. 
Each of the TR/ genes has two promoters, one located upstream of exon a and the other upstream of exon b. The 
translation initiation and termination sites are indicated by thin and thick arrows, respectively. At the bottom of 
the figure, the thyroid hormone receptor / consists of two distinct functional domains including the DNA- and 
hormone-binding domains (DNA-B and TH-B, respectively). It binds to a specific DNA element called the 
hormone response element (HRE). The two “zinc fingers” of DNA-B are encoded by exons 1 and 2, and TH-B is 
split into exons 4-6. DNA-B and TH-B are linked by a domain encoded by exon 3. TH, thyroid hormone. From 


Shi et al. [94] and Yaoita et al. [115]. 
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receptors has been completed by a precise analysis 
of the mechanisms of messenger transcription [3, 4, 
60, 114]. The level of TRa-mRNAs triples during 
spontaneous metamorphosis. The level of TR/- 
mRNAs is 10 to 30 times lower during premeta- 
morphosis. It increases very rapidly at climax, 
when it can multiply by 10 or more, concomitantly 
with the increase in the circulating thyroid hor- 
mone concentration, as metamorphosis progres- 
ses. The level of TR&-mRNAs decreases after. 
Higher TR£-mRNAs levels are also obtained after 
thyroid hormone treatments. Finally, the latter 
up-regulate the transcription of TR@-mRNAs 
more than that of TRe-mRNAs, prior to the true 
auto-induction of the receptors by their own hor- 
mones. Furthermore, TR#-mRNAs transcription 
represents one of the earliest responses to T3 or T4. 
In situ hybridization experiments confirm the vari- 
able location of TR-mRNA in one tissue or 
another [60]. 

The rate or TR@-mRNAs transcription in the 
presence of thyroid hormones is not the same if the 
promoter is carried by exon a or b. After a 2-day 
treatment, transcription is intiated on the promot- 
er upstream from exon b and becomes very rapid, 
its rate increasing at least tenfold [59]. After 7 
days of treatment, the transcription triggered by 
the promoter on exon a accelerates. The TRGA 
and TR£B gene promoters could therefore initiate 
cascades of early or late gene expressions whether 
they belong to exon b or a. 

Once the thyroid hormones are positioned on 
their receptors, they influence the regulatory gene 
network, including promoters, which in turn con- 
trols the structural genes activity according to 
mechanisms which are now well-known [2, 20, 21, 
60, 71, 77, 102, 104, 115]. The intimate mecha- 
nisms of gene activation or repression however 
remain obscure. 


B. Thyroid hormones and cell division 


The cell multiplication which takes place in the 
various larval tissues in the presence of thyroid 
hormones implies an up-regulation of nuclear 
DNA synthesis. This up-regulation can be visual- 
ized by radioautography which measures the fre- 
quency of radioactive, silver-labelled nuclei 


(labelling index), after radioprecursor (tritiated 


thymidine) incorporation by DNA. The labelling 
index increases in the lengthening anlages, the 
lungs and the new-digestive epithelium, among 
others [52]. 


C. Inducing cell differentiation and degeneration 


These events are triggered by a modification in 
gene activity after the thyroid hormones bind to 
their receptors. Certain genes are activated and 
allow the accelerated transcription of the RNA 
messengers in the target cells. Other genes that 
were functional up to then are repressed. Accord- 
ing to Gruenstein [47], the thyroid hormones con- 
trol gene activity through their action on the 
protein fraction of chromatin and particularly on 
the histones, whose role had long remained un- 
clear. The hormones would unbind the H4 histone 
linked to the TATA box! of certain gene promot- 
ers, Via activating proteins. Following a modifica- 
tion in the configuration of this histone, the nu- 
cleosomes containing it, as well as histones H2A, 
H2B and H3, could temporarily cease being com- 
pact masses. The DNA surrounding these nucleo- 
somes could partially uncoil, and the genes could 
then be transcribed thanks to the bases greater 
accessibility and the two RNA-polymerases activ- 
ity [45]. These genes would therefore stops being 
repressed. On the contrary, their repression could 
be triggered by the reconstitution of compact 
nucleosomes on which the genic material coils. 


Protein synthesis control 


In larvae undergoing metamorphic changes 
prior to their departure from water, thyroid hor- 
mones stimulate specialized protein synthesis in 
the degenerating or functionally differentiating 
cells, after a latency period due to the preliminary 
transcription of a larger number of messengers [4, 
15, 52, 72, 78]. (Fig. 9). 

The variations in hepatic proteosynthesis in 
anuran tadpoles treated with T3 or T, have been 
investigated in numerous cytological and biochem- 
ical studies. Treating premetamorphic animals 
with one or the other hormone up-regulates RNA 
transcription and membrane phospholipid synthe- 


' The TATA box includes a nucleotide sequence de- 
rived from the TATAAATA sequence. 
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RNA and phospholipid synthesis rates in relation to 
the increase in enzymes and proteins synthesized 
during the precocious induction of metamorphosis in 
Rana catesbeiana tadpoles with T;. Nuclear RNA 
(N-RNA) synthesis increases up to the fourth day. 
Then, RNAs are stored in cytoplasmic ribosomes 
and polysomes (C-RNA). The rate of microsomal 
phospholipid synthesis increases up to the 6th day 
(PL). After the 7th day, specialized proteins are 
synthesized in the hepatocytes. They will become 
localized in the mitochondria (carbamyl phosphate 
synthetase-I: CPS; cytochrome oxidase: CO), or will 
be secreted into the plasma (serum albumin: SA). 
The values are expressed as percentage increases 
over those in the non-induced control tadpoles. 
From Tata [100]. 


sis. At the same time, the hepatocytes show signs 
of cytological differentiation, with the arrange- 
ment of the ribosomes into numerous polysomes 
bound to a more abundant endoplasmic reticulum. 
Serum albumin, urea-cycle enzymes (carbamyl 
phosphate synthetase-I,...) or energy catabolism 
enzymes (cytochrome oxidase, ...) are among the 
more actively coded proteins. These synthesis 
have a deep-seated influence on the tadpoles phys- 
iology. For example, urea-cycle activation en- 
hances urea production by the liver and induces 
ureotelia. Furhermore, the afflux of serum albu- 
min in the blood increases its osmotic pressure, 
which leads to a more efficient water conservation 
during the transition to a terrestrial environment. 
The intimate proteosynthetic mechanisms have 
been more specifically studied for carbamyl phos- 
phate synthetase-I which integrates ammonia into 


the urea-cycle. The synthesis of this enzyme is 
up-regulated in under 24 hours in the hepatocytes 
of premetamorphic Rana catesbeiana tadpoles tre- 
ated with T3 or Ty. Two sub-units are rapidly 
coded at the polysome level, then transferred to 
the mitochondria where they assemble in the mat- 
rix, thus generating the active enzyme [76]. This 
enzyme has a relatively long life-span and con- 
tinues to accumulate in the liver, contrary to the 
messengers which are rapidly eliminated [40]. 
Under in vitro conditions, the same hormones 
up-regulate the albumin messengers transcription, 
followed by their translation which has been quan- 
tified using antibodies [92]. 

The skin of anuran tadpoles is also a target 
organ where the thyroid hormones can up-regulate 
specific proteosynthesis. Indeed, under in vitro 
conditions [72] or during spontaneous metamorph- 
osis, these hormones activate the genes of the 
three new keratins which replace those of the 
larvae, while the epidermis thickens by cell multi- 
plication. 

The Hb.1' polypeptide chains in various anuran 
tadpoles (Rana catesbeiana, ...) stop being pro- 
duced after a thyroid hormone treatment due to 
the down-regulation of the corresponding genes. 
On the other hand, the genes coding the Hb.ad! 
polypeptide chains are up-regulated [79, 110]. 
Such modifications are associated with the appear- 
ance of new red blood cells. 

The exogenous thyroid hormones increase the 
production of lysosomal hydrolases (cathepsin 
D,...) in the tail fibroblasts of anuran tadpoles, 
after gene activation [89]. Concomitantly, these 
cells acquire a greater mobility and contribute to 
tail regression by phagocyting the tissue remnants. 

The lysosomal hydrolases activities have also 
been visualized in various degenerating caudal 
cells, after a T3 or Ty treatment in anuran tadpoles. 
Apart from hydrolase synthesis, the hormones can 
also induce these cells to produce activating pro- 
teins, which in turn reactivate preexisting but 
inactive lysosomal prohydrolases [8]. 


1 The Hb.1 and Hb.ad are the hemoglobins of the larva 
and the adult, respectively. 
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IV OTHER METAMORPHIC 
UP-REGULATING HORMONES: 
CORTICAL STEROIDS 


The main cortical steroids produced by amphib- 
ian interrenals are corticosterone and aldosterone. 
These stroids can accelerate spontaneous or thyr- 
oid hormone-tirggered metamorphosis in amphib- 
ians. A simultaneous T3 and cortical steroid treat- 
ment in larvae leads to faster transformations than 
a simple T3 treatment. The tail in anuran tadpoles 
and caudal fin in urodelean larvae degenerate 
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twice as fast [16, 38, 64]. Certain metamorphic 
biochemical events such as carbamyl phosphate 
synthetase-I synthesis by the liver are also up- 
regulated [38]. In fact, aldosterone seems to be 
more efficient than corticosterone. The latency 
period prior to the appearance of a metamorphic 
response is itself shortened. On the other hand, 
metamorphosis is checked, if the anuran tadpoles 
are simultaneously treated with a thyroid hormone 
and amphenone B or any other corticosteroid 
synthesis inhibitor (62]. A significant delay in 
caudal resorption can then be observed. This 


T3 14 


Fic. 10. Interactions between thyroid hormones (T3, T,) and corticoids (corticosterone: CC, aldosterone: A) from 
the interrenal glands (IG) in the stimulation of amphibian metamorphosis. Thyroid hormones bind to nuclei (N) 
of target cells (TC) to induce the enzymes that participate in the metamorphic events (1). The binding is 


enhanced by interrenal steroids (2). The secretion of these steroids is stimulated by adrenocorticotropic hormone 
(ACTH) (3) whose action is enhanced by thyroid hormones (4). Thyroid hormones also stimulate the secretion of 
aldosterone and corticosterone through the activaticn of the renin-angiotensin system (RAS) (5) or directly, 
possibly by the direct activation of interrenal cells (6). Thyroid hormones induce the differentiation of the median 
eminence (ME) (7), thus facilitating the flow of a corticotropic releasing factor (CRF) from the hypothalamus 
(HT) to stimulate the corticotropes of the adenophypophysis (AH) in the release of ACTH. AT, angiotensin; 
TH, thyroid gland. From Dent [22]. 
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confirms the part played by endogenous cortical 
steroids as well as the thyroid hormones in up- 
regulating metamorphosis. 

Hydrocortisone has little potentiating effect on 
thyroid hormones in toad and bullfrog larvae, 
although exogenous hydrocortisone has been re- 
ported to act synergistically with thyroid hormones 
to imcrease keratic gene expression in Xenopus 
epidermis [95]. 

Endogenous cortical steroids are more abun- 
dantly secreted by the interrenal glands during 
spontaneous metamorphosis. Various radioimmu- 
noassays have demonstrated this in anurans and 
urodeles for corticosterone [16, 55, 57] and for 
aldosterone [57, 64]. The up-regulated interrenal 
metabolism in metamorphic amphibians is further 
emphasized by a stronger hormonogenic enzyme 
activity, as for 3¢-hydroxysteroid dehydrogenase 
[16]. 

Thyroid hormones can increase the level of 
circulating corticosteroids by acting at the 
hypothalamo-hypophyseal level. Indeed, CRF 
transit from the hypothalamus to the adenohy- 
pophysis improves as does that of TRF thanks to a 
larger capillarisation of the median eminence. The 
corticotropic cells then secrete more ACTH [22, 
64], which results in an up-regulation of the inter- 
renals. Other types of thyroid hormone activity, 
such as a direct effect on the synthesis of the 
enzymes needed for interrenal metabolism and an 
activation of the renin-angiotensin system impro- 
ving aldosterone release, have been postulated 
[64] (Fig. 10). 

Corticosteroids could favor T, conversion to T3 
(active form) by up-regulating the activity of T,-5’- 
monodeiodinase, in the skin for example. They 
could also limit T3 deiodination into inactive 
diiodothyronine by slowing down T3-5-monodeio- 
dinase activity, as shown in the liver and intestine 
[38]. In both cases, the concentration of T3 in- 
creases. Corticosteroids potentiate also T3 action 
on the tail in vitro [63]. This indicates that another 
mechanism of corticosteroid-thyroid hormone ac- 
tion exists. The influence of corticosteroids on the 
number of receptors per nucleus is still being 
discussed. According to Galton [38], this number 
would remain the same in the hepatocytes, caudal 
cells and red blood cells after treatment. On the 


other hand, corticosteroids could enhance the 
metamorphic action of thyroid hormones by in- 
creasing their binding capacity to the nuclear re- 
ceptors in the target cells [22, 96]. 

Finally, while metamorphosis is triggered by 
thyroid hormones, cortical steroids have an au- 
thentic up-regulating effect on these hormones. 


V THE METAMORPHOSIS INHIBITING 
HORMONES 


A. Prolactin 


Prolactin is secreted by the adenohypophysis. 
Exogenous prolactin inhibits certain natural or 
induced [10, 14, 30, 51, 80] or in vitro [99] meta- 
morphic events in anuran larvae. It prevents tail 
resorption and hindlimb development. Concom- 
itantly, the transition to a terrestrial environment 
is eliminated or delayed. Injecting prolactin also 
inhibits urodelean metamorphosis and delays the 
appearance of juvenile characteristics [19, 43]. 
The gills remain practically intact, while emer- 
gence from water becomes more difficult. A treat- 
ment with homologous prolactin produces analo- 
gous results [65]. 

Therefore, a prolactin treatment in larvae trig- 
gers effects opposite to those of thyroid hormones. 
This reflects a double antagonism. Prolactin works 
against certain effects of T, and T3 on the tissues 
[4, 11, 23, 56, 83, 105] and reduces these hormones 
secretion by inactivating the thyroid gland [14, 43, 
86]. At tissue level, the up-regulation of TRa- and 
TR£-mRNAs transcription by T3 could be inhib- 
ited by prolactin in both the premetamorphic 
tadpole and tail organ cultures of Xenopus laevis 
[4]. Under such conditions, the small number of 
coded receptors would not allow gene activation 
by T3 and continued proteosynthesis. Prolactin 
could also favor the production of a hepatic factor 
(synlactin) up-regulating tail growth. 

Prolactin cells have been visualized by im- 
munocytochemistry or immunofluorescence in var- 
ious anurans (Rana catesbeiana, Bufo japonicus ...) 
and urodeles (Pleurodeles waltl ...). The number 
of cells as well as the quantity of prolactin con- 
tained in the adenohypophysis peak at climax [18, 
81, 113]. The level of plasma prolactin has been 
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determined by radioimmunoassay in_ several 
anurans (Rana catesbeiana, Bufo japonicus ...). 
This level peaks at climax and decreases after [18, 
81, 112, 113] (Fig. 11). Nevertheless, these phys- 
iological values would be too weak to inhibit 
metamorphic events, contrary to pharmacological 
values arising from a prolactin treatment. 


150} 


100f- 


ng PRL/ml plasma 


(0) 
TT climax ! 


Fic. 11. Plasma prolactin (PRL) level during develop- 
ment of Rana catesbeiana tadpole. The values 
increase significantly towards the end of climax. 
From Yamamoto and Kikuyama [112]. 


B. Growth hormone 

Treatment with the growth hormone, also sec- 
reted by the adenohypophysis, can inhibit certain 
metamorphic events such as tail resorption. 
Nevertheless, its effects seem to be weaker than 
those of prolactin [73]. The plasma growth hor- 
mone concentration peaks towards the end of 
metamorphosis and decreases in juveniles, then 
increases again in adults [18]. According to 
Kobayashi and Kikuyama [67], who extensively 
measured growth hormone levels in tadpoles 
throughout metamorphosis and juveniles and var- 
ious sizes of male and female adults in the same 
species (Rana catesbeiana), the pattern of hor- 
mone concentrations would be slightly different. 
Growth hormone levels rose as metamorphosis 
progresses and showed the higher values in juve- 
niles, which show a rapid growth, and declined as 
they gain weight. 


VI THE HYDROMINERAL EQUILIBRIUM 
REGULATING HORMONES 


Emergence from water in metamorphosed 
amphibians is associated with a modification in the 
hydromineral equilibrium, which optimizes water 
conservation by the organism [52] 


A. The neurohypophyseal hormones 


The neurohypophyseal hormones more specif- 
ically contribute to controlling the hydromineral 
equilibrium. In amphibians, the main hormone 
concerned is arginine vasotocin (AVT), a 
nanopeptide that includes leucine in position 3 and 
arginine in 8. An AVT treatment induces anti- 
diuresis in metamorphosed anurans which have 
become terrestrial (Rana, Bufo ...): glomerular 
filtration slows down and water is reabsorbed in 
large quantities by the renal tubules and urinary 
bladder. The hormone also acts at skin level by 
up-regulating Osmotic water absorption. On the 
other hand, in adult Xenopus which can remain in 
an aquatic environment after metamorphosis, an 
AVT treatment increases the diuretic effect also 
observed in fresh water fish. These observations 
show that from the juvenile phase on, AVT en- 
hances hydric retention in anurans proportionally 
to their degree of adaptation to a terrestrial en- 
vironment. 

The neurohypophysis in anuran larvae is too 
small for AVT to be detected. Its volume in- 
creases in metamorphosing anurans and its capil- 
lary network becomes denser. These two observa- 
tions suggest an accelerated AVT secretion, which 
would improve water conservation in anurans mi- 
grating to a terrestrial environment. 


B. Aldosterone 


The epidermis of metamorphosed amphibians 
can pick up sodium ions in fresh water by active 
trasnsport against a concentration gradient. This 
cannot be done by the larval epidermis. This ionic 
flux is associated with water penetration by osmo- 
sis, through the skin, each time the now terrestrial 
animals return to an aquatic environment. The 
epidermal cells in metamorphosed amphibians be- 
come permeable to sodium ions, when sodic chan- 
nels appear in the apical plasma membrane under 
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the influence of thyroid hormones [99]. Active 
Na‘ transport occurs only through the baso-lateral 
plasma membrane. This type of transport, which 
modulates ion recuperation (and therefore that of 
water), is more specifically controlled by aldoster- 
one [99]. 

The epithelium of the urinary bladder, another 
water- and ion-recuperating organ, could also have 
the same type of hormonal regulation. 


C. Prolactin 


A prolactin treatment improves water, sodium 
and chloride ion recovery by the kidney and uri- 
nary bladder, in metamorphosed amphibians that 
have become terrestrial. The hormone helps the 
animals adapt to a terrestrial environment by 
allowing them to save water more efficiently. Pro- 
lactin control of the hydromineral equilibrium 
through the kidney and urinary bladder is made 
possible by the fact that these organs acquire 
numerous prolactin receptors during metamorpho- 
sis [13, 49, 82, 108, 109]. 

In actual fact, the pharmacological doses due to 
a prolactin treatment would produce opposite 
effects with regard to the departure from water. 
Hormone injections could prevent this ecological 
transition by inhibiting certain metamorphic 
events. On the other hand, they could adapt better 
metamorphosed animals to a terrestrial habitat by 
enhancing hydric retention. 


Vil THE HORMONES CONTROLLING 
ENERGY METABOLISM 


During metamorphosis and the departure from 
water, the intense morphogenetic processes re- 
quire an up-regulation of energy metabolism and a 
mobilization of the lipid and glucid reserves. This 
is controlled by the newly installed endocrine 
system. Cortical steroids (aldosterone, corticoster- 
one) from the interrenal cells and probably 
epinephrine and norepinephrine from the adrenal 
cells are secreted into the plasma [55]. These 
hormones improve the reserves mobilization’ and 


' Cortical steroids could make metamorphosis easier by 
allowing a more efficient energetic response. Meta- 
morphosis could be significantly delayed if their synthe- 
sis is inhibited in any way [62]. 


the hyperglycemic response. This in turn leads to 
the maturation of the islets of Langerhans in the 
pancreas and higher insulin secretion [7, 17, 32]. 
Endocrine control in amphibians however does not 
imply stable glycemia as in mammals. This control 
remains imperfect to the point of furnishing an 
inadequately adapted response to the animals 
energy needs. This could be a potential problem in 
the transition to a terrestrial environment, where 
outside elements vary more than in water and 
require a permanent adjustment of the energy 
needs. 


GENERAL CONCLUSIONS 


In many amphibians, the metamorphic events 
associated with the departure from water are con- 
trolled by a number of hormones. The most 
important are the thyroid hormones. After they 
bind to the nuclear receptors, the thyroid hor- 
mones trigger a number of mechanisms by acting 
at the genome level. These hormones control the 
synthesis of many specialized proteins during cell 
differentiation and degeneration. The succession 
of metabolic stages explains the latency of the 
responses. 

In amphibians with a deficient hypothalamo- 
hypophyseal-thyroid axis such as axolotl or anuran 
larvae maintained in cold conditions, natural meta- 
morphic changes are very limited. Such perpetual- 
ly larval, aquatic animals have been qualified as 
neotenic sensu lato. The persistence of a larval 
stage in axolotl is nevertheless associated with the 
ability to reproduce (neoteny sensu stricto). Treat- 
ing axolotl with thyroid hormones leads to meta- 
morphosis and the departure from water. This 
proves the existence of competent tissues, contrary 
to what is observed in various compulsory neotenic 
urodeles (Necturus, Proteus). 

Thyroid hormone activity is a necessary condi- 
tion for metamorphosis and departure from water 
in many amphibians. However, it is not in itself 
sufficient, since certain metamorphosed species 
such as Xenopus remain in fresh water. 

This suggests the contribution of other hor- 
mones whose action would differ according to the 


species. Thus, AVT is antidiuretic in the frog, 


making water conservation easier in a terrestrial 
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environment, while it has a diuretic effect incom- 
patible with a departure from water in Xenopus. A 
prolactin treatment can inhibit metamorphosis in 
anuran larvae, thus maintaining them in an aquatic 
environment. The same treatment in various juve- 
nile terrestrial newts (Notophthalmus viridescens) 
anticipates “puberty metamorphosis” (“second 
metamorphosis”) prior to a premature return to 
water. Prolactin activity can thus be favorable to 
an aquatic environment, at least under ex- 
perimental conditions. 

Finally, a complex endocrine determinism pre- 
sides over the environmental transitions observed 
in modern amphibian development. 
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Leucophores of the Dark-banded Rockfish Sebastes inermis 
I. Adrenergic Mechanisms that Control the 
Movements of Pigment 


Tetsuro Ica! and Tetsuro Mio 


Department of Biology, Faculty of Science, Shimane University, 
Matsue 690, Japan 


ABSTRACT—There are unusual chromatophores, which appear yellowish in reflected light, in the 
integument of the dark-banded rockfish Sebastes inermis. Earlier ultrastructural observations revealed 
that these chromatophores are leucophores with granular pigment organelles [13]. In the present 
experiments, adrenergic mechanisms controlling the migration of pigment associated with these 
chromatophores were investigated. K~ ions induced dispersion of the pigment. The dispersion was 
prevented by propranolol, an adrenergic blocker, and was absent from denervated preparations, 
suggesting that the chromatophores are innervated by adrenergic nerves. Adrenergic agonists, namely, 
isoproterenol and norepinephrine but not epinephrine, induced the dispersion of pigment. Propranolol 
inhibited the dispersion response whereas yohimbine did not block the response. Both forskolin and 
8-Br-cAMP were effective in dispersing the pigment. Epinephrine was effective in accelerating the 
aggregation of pigment and this effect was inhibited by yohimbine. These results indicate that 
stimulation of beta-adrenoceptors results in an intracellular increase in levels of cAMP which then 
initiates the dispersion of pigment and that alpha-adrenoceptors mediate the aggregation of pigment. 


These adrenergic mechanisms are similar to those associated with leucophores in Oryzias. 


These 


findings demonstrate that the novel chromatophores behave physiologically as a type of a leucophore. 


INTRODUCTION 


Light-reflecting chromatophores in poikilother- 
mic vertebrates are generally classified into 
leucophores and iridophores by reference to their 
morphological and physiological characteristics. 
Leucophores are dendritic in shape and contain 
numerous light-scattering granules, the leuco- 
somes, which migrate centrifugally and cen- 
tripetally within the cells in response to various 
stimuli. By contrast, the iridophores are variably 
in shape and contain organelles that resemble flat 
platelets. These organelles are usually arranged in 
highly oriented stacks and function as reflecting 
platelets. 

Leucophores have attracted the attention of 
many researchers because, among other reasons, 
their movements in response to various stimuli are 
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the opposite in terms of direction of those found in 
other pigment cells. However, available informa- 
tion on leucophores in poikilothermic vertebrates 
is limited to a few species of fish. Ultrastructural 
studies have been performed on the cells of Fundu- 
lus heteroclitus [22], Lebistes reticulatus [30] and 
Oryzias latipes [17, 26]. These studies have re- 
vealed that the structure of the leucosomes is 
somewhat variable, even in these fish species. To 
date, most of our physiological and pharmacolo- 
gical information about leucophores has been 
obtained exclusively from Oryzias latipes. There- 
fore, comparative studies on leucophores are 
needed for a complete understanding of the gener- 
al problem of their regulation, since we know that 
the mechanisms that regulate the movement of 
chromatophores, even in melanophores, are di- 
verse [4]. 

It was assumed for many years that iridophores 
are non-motile. In the 1980’s, iridophores that 
participated actively in color changes, namely, 
motile iridophores, were reported in several fish 
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species [12, 19, 28]. These motile iridophores are 
classified into two types on the basis of their 
pattern of movements: the damselfish type, in 
which the motility involves changes in distances 
between adjacent platelets in piles of platelets; and 
the goby type, in which platelets migrate within 
cells [21]. Our initial studies on motile iridophores 
revealed the regulatory mechanisms differ charac- 
teristically between iridophores and leucophores 
[15, 20]. These results stimulate us to perform 
comparative studies of light-reflecting chroma- 
tophores. 

Recently, we found unusual light-reflecting 
chromatophores, which appeared yellowish in 
reflected light, in the integument of the dark- 
banded rockfish, Sebastes inermis. These chromato- 
phores were motile and their responses were the 
opposite of those of melanophores. Ultrastructu- 
ral observations revealed that these chroma- 
tophores were a type of leucophore [13]. 

The present report describes the adrenergic 
mechanisms that control the movements of pig- 
ment in these chromatophores. Our results indi- 
cate that, physiologically as well as morphological- 
ly, these chromatophores are indeed a type of 
leucophore. 


MATERIALS AND METHODS 


The dark-banded rockfish, Sebastes inermis, of 
body length of 7-10cm (the young form) was 
employed. The fish were collected off the coast of 
the Shimane peninsular in Shimane Prefecture and 
they were reared in a seawater aquarium in our 
facilities for at least three days for acclimatization. 

Isolated scale preparations were employed for 
physiological experiments. In some experiments, 
scales from chemically sympathectomized fish 
were employed as denervated preparations. The 
denervation was achieved by intraperitoneal injec- 
tion of 80 ug/g body wt. of 6-hydroxydopamine 
hydrobromide (Sigma Chemical, St. Louis, MO) 
as described elsewhere [14]. Scales were carefully 
pulled out from the dorso-lateral part of the trunk. 
Each isolated scale was attached, epidermal side 
down, under a coverslip,which was mounted in a 
small chamber filled with a physiological saline 
solution for marine teleosts, which had the follow- 


ing composition (in mM): NaCl, 223; KCl, 8.1; 
CaClo, 2.7; MgCl, 3.7 and Tris-HCl buffer, 5.0 
(pH 7.4). 

Responses of leucophores were photographed 
under the light microscope. The magnitude of 
each response was calculated, from the photo- 
graphs, as the change in the length of a given 
process in a cell [8]. 

The drugs used were as follows: J/-norepi- 
nephrine hydrochloride; /-epinephrine bitartrate; 
l-isoproterenol hydrochloride; yohimbine hyd- 
rochloride; dl-propranolol hydrochloride; fors- 
kolin and 8-bromoadenosine 3’,5’-cyclic mono- 
phosphate sodium salt (8-Br-cAMP). These drugs 
were obtained from Sigma Chemical. Stock solu- 
tions of these drugs were diluted with physiological 
saline immediately before use. 

For experiments on nerve stimulation, a K *-rich 
saline solution was employed since the responses 
of melanophores and of leucophores also to K* 
ions are known to be induced via the release of 
neurotransmitter from sympathetic fibers [3, 8]. 
For the Kt -rich saline, we used a mixture of equal 
volumes of an isotonic solution of KCl and phy- 
siological saline [8]. 

All experiments were performed at room 
temperature (20-25°C). 


RESULTS 


General description of leucophores of Sebastes in- 
ermis 


In the dermis of an isolated scale, we observed 
four kinds of chromatophore: melanophores; 
erythrophores; and two kinds of light-reflecting 
chromatophore. One kind of light-reflecting chro- 
matophore was the iridophore, which appeared an 
iridescent bluish white in reflected light. These 
Another kind of 

in shape and 


iridophores were non-motile. 
chromatophore was dendritic 


appeared a dullish brown in transmitted light but 
yellowish in reflected light. These chromatophores 
were the focus of the present investigation. 

In an equilibrium state in physiological saline, 
the chromatophores of interest appeared punctate, 
but they became dendritic in response to an 
appropriate stumulus, such as norepinephrine. 
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Thus, the cells are typical motile cells. Since these 
chromatophores are morphologically a type of 
[13], they are referred to as 
leucophores hereinafter for convenience. 

The leucophores were randomly distributed, 
with no particular spatial association with melano- 
phores, unlike the of Oryzias 
latipes which are found just under the melano- 
phores. The diameter of a single cell varied 
from 60 to 140u4m._ Figurel shows the 
leucophores in a scale of Sebastes inermis under 
reflected light. 


leucophore 


leucophores 


Responses to K~ ions 


When K “-rich saline was applied to leucophores 
in a punctate state in physiological saline, the 
leucophores responded by dispersion of the pig- 
ment within the cells. The response proceeded 
slowly after a lag period of about 5 min and about 
30 min were required for full dispersion. When 
cells were returned to physiological saline, the 
pigment in the leucophores slowly began to aggre- 
gate. The time required for recovery of the initial 
pigmentary state was usually more than 1 hr, or 40 
min at the very least (Fig. 2). The response to K* 
ions could be induced repeatedly in a single cell. 

Melanophores in the same preparation re- 
sponded to K™ ions by the rapid aggregation of 
melanosomes, as do those in many teleost fish. 
Thus, the directions of the response were opposite 
in melanophores and leucophores. Figure 3 shows 
a typical result for melanophores in an isolated 
scale of S. inermis, in which the response was 


recorded photoelectrically [10]. The melano- 


Dispersion (%) 


Fic. 1. Photomicrographs showing leucophores in a 
scale of Sebastes inermis (dark-field epi-illumination 
optics). A: Equilibrated in physiological saline. 
Pigment granules are aggregated in the cells. B: 
Pigment-dispersed state, 40 min after the application 
of 3x10~°M norepinephrine. 1, Leucophores; i, 
Iridophores. 


phores began to respond to the stimulus by 
aggregation of pigment within 20sec and full 
aggregation was achieved within 3 min. When the 
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Typical recording showing the dispersion response of 


leucophroes to K “ -rich saline (K~ ) and the recovery response in 


physiological saline solution. 
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Fic. 3. Typical recording showing the 
aggregation response of mela- 
nophores to K*-rich saline (K*) 
and the recovery response in phy- 
siological saline solution. 


melanophores were retured to physiological saline, 
the initial state of the pigment was restored within 
5min. The observations demonstrate that the 
slowness of the response of the leucophores was 
dependent on the motility of the cells themselves, 
and not on the slowness of the diffusion of ex- 
perimental solutions to the place at which pigment 
cells were distributed. 

To confirm that K* ions stimulate the chromatic 
nerves, the effect of these ions was examined in 
denervated preparations. No effect was apparent, 
not only in the leucophores, but also in the 
melanophores, in denervated preparations. The 
leucophores in such preparations did, however, 
respond by dispersion of pigment to nore- 
pinephrine (Fig. 4). 


100 
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Dispersion (%) 


0 o——-0———-0: 
Time 0O 30 60 90 
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Kt 3*10°5M NE 
Fic. 4. Typical recording showing responses of dener- 


vated leucophores to K *-rich saline (K*) and nor- 
epinephrine (NE). 
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Effects of adrenergic antagonists on the Kt- 
induced dispersion response 


The results of the above experiment showed that 
the leucophores were innervated and also sug- 
gested that the innervating nerves might be 
adrenergic. In this experiment, therefore, the 
nature of the nerve was examined pharmacologi- 
cally. Yohimbine, an alpha-adrenergic blocker, 
did not interfere with the action of K* ions (Fig. 
SA), while propranolol, a beta-adrenergic anta- 
gonist, effectively inhibited the action of K* ions 
(Fig. 5B). These results indicate that the nerves 
that controlled the leucophores were adrenergic 
and that the adrenoceptors mediating the disper- 
sion of pigment in the cells were of the beta type. 
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Fic.5. Typical recording showing the effects of 
adrenergic antagonists on the dispersing action of 
K* ions. A: Effects of an alpha-adrenergic antago- 
nist, yohimbine (YOH). B: Effects of a beta- 
adrenergic antagonist, propranolol (PRO). FOR, 
Forskolin. 


Effects of catecholamines 


To clarify the nature of the adrenoceptors that 
mediate dispersion of the pigment, the effects on 
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leucophores in an aggregated state of three 
catecholamines, namely, norepinephrine, epi- 
nephrine and isoproterenol, were examined. As 
shown in Figure 4, more than 30 min were re- 
quired for maximal dispersion even at a high 
concentration of norepinephrine. Therefore, the 
magnitude of responses was measured at the end 
of a 60-min exposure to the drugs. 

Norepinephrine induced dispersion of the pig- 
ment granules in a concentration-dependent man- 
ner. The threshold concentration of nor- 
epinephrine for an observable dispersion of the 
pigment granules was about 10-°M, and 3x10-° 
M was sufficient to cause full dispersion. Iso- 
proterenol was more effective in dispersing the 
pigment than norepinephrine and its effect was 
also concentration-dependent. 

Unexpectedly, epinephrine was almost ineffec- 
tive in inducing the dispersion of pigment, even at 
high concentrations. We observed very occa- 
sionally that a few leucophores (about 5% of the 
observed cells) responded with half-maximal dis- 
persion at a concentration of 5X10-°M. The 
relationships between the concentration of each 
amine and the magnitude of pigment dispersion 
are shown in Figure 6. Isoproterenol was more 
effective than norepinephrine in inducing the dis- 
persion of pigment. The ECs values (concentra- 
tions that induced 50% of maximum dispersion of 
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Fic. 6. Relationship between the concentration of iso- 


proterenol (ISO), norepinephrine (NE) and epi- 
nephrine (E) and the magnitude of the dispersion 
response of leucophores of Sebastes inermis. E+ 
YOH, Epinephrine in the presence of 5X10-°M 
yohimbine. Each point represents the mean of 10- 
15 meaurements from three scales. Vartical lines 
indicate SD. 


pigment) for isoproterenol and norepinephrine 
were calculated to be 9.8 10~° M and 4.2 10~° 
M, respectively. 


Effects of adrenergic antagonists on the norepineph- 
rine-induced response 


After a 5-min pretreatment with 10~° M yohim- 
bine, 10-°M norepinephrine was applied in the 
presence of the antagonist to leucophores in a state 
of pigment aggregation. Yohimbine did not inter- 
fere with the effect of norepinephrine (Fig. 7A), 
whereas propranolol completely blocked the effect 
of norepinephrine (Fig. 7B). 
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adrenergic antagonists on the pigment-dispersing 
action of norepinephrine (NE). A: Effects of an 
alpha-adrenergic antagonist, yohimbine (YOH). B: 
Effects of a beta-adrenergic antagonist, propranolol 
(PRO). FOR, Forskolin. 


Effects of forskolin 


In order to examine the possible involvement of 
an adenylate cyclase system in the dispersion re- 
sponse of the leucophores, the effect of forskolin, 
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an activator of adenylate cyclase, was examined. 
Forskolin induced the dispersion of pigment in the 
leucophores (Figs. 5B, 7B). Figure 8 shows the 
relationship between the concentration of the drug 
and the extent of pigment dispersion. The ECs of 
forskolin for inducing dispersion of pigment was 
estimated to be 7X10? M. 
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Fic. 8.. Relationship between the concentration of fors- 


kolin and the magnitude of the pigment-dispersion 
response of leucophores of Sebastes inermis. Each 
point represents the mean of 10 measurements from 
three scales. Vertical lines indicate SD. 
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cAMP and the magnitude of pigment-dispersion 
response of leucophores of Sebastes inermis. Each 
point represents the mean of 10 measurements from 
three scales. Vertical lines indicate SD. 


Effects of 8-Br-cAMP 


The results of the experiment with forskolin 
suggested that activation of adenylate cyclase in- 
duced the dispersion of pigment. Therefore, the 
effect of 8-Br-cAMP, an analogue of cAMP, was 
examined. The drug caused dispersion of pigment. 
The dispersion response was induced at concentra- 
tions above 10-° M and was maximal at 3x10~* 
M. The concentration-response relationship for 
the drug is shown in Figure 9. From this Figure, 
the ECs9 of 8-Br-cAMP was calculated to be 6.4 
107° M. 


Aggregating effects of epinephrine 

The results of the experiments with catechola- 
mines suggested that epinephrine might act pre- 
dominantly on the alpha-adrenoceptors in the pig- 
ment-aggregation response, such that the effect of 
beta receptors might be hidden. This possibility 
was examined in two series of experiments. First, 
the effect of epinephrine was examined in the 
presence of yohimbine. Epinephrine induced pig- 
ment dispersion in the presence of yohimbine. The 
effect was almost the same as that observed with 
norepinephrine, as shown in Figure 6. 
Second, epinephrine was applied to leucophores in 


Was 


Dispersion (%) 


Time (min) 


Fic. 10. The pigment-aggregating effects of epineph- 
rine on leucophores of Sebastes inermis and in- 
hibition of these effects by yohimbine. Pigment 
granules in leucophores had been fully dispersed by 
treatment with K*-rich saline. The numbers adja- 
cent to the curves indicate the concentrations (7M) 
of epinephrine. E+ Yoh, 10 «M epinephrine in the 
presence of 50 uM yohimbine. Each point on the 
graph represents the mean of 10 measurements from 
three scales. 
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TaBLe 1. Acceleration of the aggregation of pigment in leucophroes of Sebastes 
inermis by 10-°M norepinephrine (NE) in the presence of 5X10°-°M 
propranolol (PRO) and inhibition of the aggregation by 5x 10° M yohimbine 


(YOH) 
Half-aggregation No. of Weveinat 
Treatment time (min measurements ea * 
M+SD (scales) significance 
Saline 43.0+4.2 10 (3) 
NE+PRO 9.3+1.0 10 (3) P<0.001 
NE+PRO+ YOH 38.9+5.1 10 (3) P>0.2 


* The value shows the significance of the difference in a comparison with the 


half-aggregation time in saline solution. 


a pigment- dispersed state, which had been 
achieved by 30-min exposure to K*-rich saline. 
Epinephrine was effective in accelerating the 
aggregation of pigment. The effect was concentra- 
tion-dependent. The aggregating effect was inhi- 
bited by yohimbine. These results are illustrated in 
Figure 10. 


Aggregating effects of norepinephrine 

Norepinephrine (10°°M) was applied to 
leucophores in a pigment-dispersed state which 
had been induced by the K*-rich saline. When 
applied with propranolol, norepinephrine acceler- 
ated the aggregation of pigment. The effect was 
antagonized by yohimbine (5X10~°M). These 
results are given in Table 1, in which the aggregat- 
ing effect is indicated as the “half-aggregation 
time” namely, the time that is required for 50% 
aggregation of pigment. 


DISCUSSION 


Leucophores do not seem to be common in 
poikilothermic vertebrates. To date, they have 
been found only in five species of fish, namely, the 
killifish Fundulus heteroclitus [2,27] and F. majalis 
[2], the sheepshead minnow Cyprinodon variega- 
tus [2], the guppy Lebistes reticulatus [30] and the 
medaka Oryzias latipes [23]. As indicated in the 
information 


Introduction, most 


about 


physiological 
leucophores has been obtained from 


Oryzias latipes. Thus, further comparative studies 
on leucophores are clearly desirable. 
The leucophores in Sebastes inermis appeared 


yellowish when examined under reflected light, 
unlike those of Oryzias latipes which appeared 
white. In light-reflecting chromatophores, the 
coloration of the cell is the net result of the 
ultrastructure and the composition of pigment 
organelles. The structure of the pigment 
organelles differs between leucophores and 
iridophores: the former contain white granules, 
while the latter contain iridescent platelets. On the 
basis of this strictly morphological criterion, it 
appeared that the chromatophores used in the 
present studies were a type of leucophores [13]. 
Details of the ultrastructure will be reported else- 
where. 

Leucophores are distributed just under the 
melanophores in Fundulus and Oryzias. This 
arrangement may make their color changes effec- 
tive since the responses of melanophores to ner- 
vous and hormonal stimuli are the opposite of 
those of leucophores. In Sebastes inermis, 
leucophores appeared characteristically to be ran- 
domly distributed without any particular spatial 
arrangement relative to the other chromatophores. 

The rate of translocation of pigment within the 
cell in response to K*-rich saline is almost the 
same in both the leucophores and the melano- 
phores of Oryzias latipes: the rate of centrifugal 
migration in the leucophores being about 30 ~m/ 
min [8]. By contrast, in the leucophores of 
Sebastes inermis the rate was so low that it took 
about 30 min for full dispersion of the pigment in 
response to stimulation by K* ions. The rate was , 
however, higher than that of dispersion of the 
motile iridophores in Odontobutis obscura [11, 
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15]. The rate in intracellular migration of 
organelles may be the net result of effects of their 
shape and size and the mechano-chemical appar- 
atus responsible for their movements. In this 
regard, the leucophores of Sebastes inermis may be 
of interest as a material for comparative studies on 
the movements of chromatophores. 

It has been well documented that the aggrega- 
tion responses of melanophores [3], as well as the 
dispersion responses of leucophores [8] and also 
the responses of motile iridophores [15], to K* 
ions are induced via the release of transmitter from 
symphathetic fibers that have been stimulated by 
Kt ions. The dispersion response of Sebastes 
leucophores to stimulation by K* ions was lost in 
chemically denervated preparations. This observa- 
tion indicates that the site of action of K* ions for 
induction of the dispersion of pigment was the 
nerve fibers. In other words, the leucophores of 
Sebastes inermis are innervated. The effect of K* 
ions was selectively inhibited by propranolol, sug- 
gesting that the nerve fibers involved are 
adrenergic, as are those that innervate to melano- 
phores. 

The dispersion responses elicited by isoprotere- 
nol and norepinephrine were selectively inhibited 
by propranolol, indicating that these responses 
were mediated via beta-adrenoceptors in the cells. 
The effect of forskolin mimicked that of nor- 
epinephrine, except that the effect of the former 
drug was not inhibited by propranolol. These 
results suggest that an increase in intracellular 
levels of cAMP induced the dispersion of pigment 
within the cells. Indeed, 8-Br-cAMP was also 
effective in inducing the dispersion of pigment. 
Thus, it was apparent that the adrenergic receptor 
mechanisms that controlled the dispersion of pig- 
ment were of the same type as those in Oryzias 
leucophores [16, 25, 35]. 

Contrary to our expectation, epinephrine was 
not effective in inducing the dispersion of pigment 


in Sebastes leucophores. Melanophores responded 
to epinephrine with a rapid aggregation of melano- 
somes, as has been observed in the melanophores 
of many other fish. In the leucophores of Oryzias, 
epinephrine induces dispersion of pigment, even 
though it is less potent in this regard than nor- 
epinephrine [16, 34]. It has been demonstrated that 


melanophores in various poikilothermic verte- 
brates, which include fish, frogs, and lizards, pos- 
sess beta-adrenoceptors that mediate the disper- 
sion of melanosomes [1, 4]. In these melano- 
phores, both norepinephrine and epinephrine 
are potent inducers of the dispersal of melano- 
somes [5-7, 10, 24]. In a large variety of tissues 
and cells other than the chromatophores in verte- 
brates, these amines act on both alpha- and beta- 
adrenoceptors as non-specific agonists, although 
their relative potencies differ from system to sys- 
tem [18, 29, 31-33]. 

Epinephrine induced the dispersion of pigment 
after alpha-receptor blockade. This observation 
suggests that the leucophores had  alpha- 
adrenoceptors in addition to beta-adrenoceptors 
and that epinephrine might act more effectively at 
alpha receptors than at beta receptors. This infer- 
ence is substantiated by the fact that epinephrine 
acted on the leucophores as a pigment-aggregating 
agonist when applied to cells in a dispersed state, 
and the aggregating effect was inhibited by yohim- 
bine. Norepinephrine also induced aggregation of 
pigment in the presence of propranolol and the 
effect was blocked by yohimbine. These results 
demonstrate that the aggregating response was 
induced via alpha-adrenoceptors. In leucophores 
of Oryzias latipes, the existence of alpha- 
adrenoceptors that participate in the aggregation 
of pigment has also been demonstrated [9]. 

The results of the present study indicate that the 
adrenoceptor mechanisms involved in the migra- 
tion of pigment in the leucophores of Sebastes 
inermis are fundamentally the same as those in 
Oryzias latipes. The “novel” chromatophores in 
Sebastes inermis are physiologically, as well as 
morphologically, a type of leucophore. 


REFERENCES 


1 Bagnara JT, Hadley ME (1973) Chromatophores 
and Color Change. Prentice-Hall Inc, Englewood 
Cliffs, New Jersey, pp 133-144 

2 Fries EFB (1942) White pigmentary effectors 
(leucophores) in killifish. Proc Natl Acad Sci 28: 
396-401 

3 Fujii R (1959) Mechanisms of ionic action in the 
melanophore system of fish I. Melanophore- 
concentrating action of potassium and some other 


10 


11 


12 


13 


14 


15 


16 


7 


18 


Adrenergic Regulation of Sebastes Leucophores 


ions. Annot Zool Jpn 32: 47-58 

Fujii R, Oshima N (1986) Control of chroma- 
tophore movements in teleost fishes. Zool Sci 3: 13- 
47 

Goldman JM, Hadley ME (1969) The beta 
adrenergic receptor and cyclic 3’,5’-adenosine 
monophosphate: Possible roles in the regulation of 
melanophores responses of the spadefoot toad, 
Scaphiopus couchi. Gen Comp Endocrinol 13: 151- 
163 

Goldman JM, Hadley ME (1969) Jn vitro demon- 
stration of adrenergic receptors controlling melano- 
phore responses of the lizard, Anolis carolinensis. J. 
Pharmacol Exp Ther 166: 1-7 

Hadley ME, Goldman JM (1970) Adrenergic recep- 
tors and geographic variation in Rana pipiens chro- 
matophore responses. Am J Physiol 219: 72-77 

Iga T (1978) The mode of action of potassium ions 
on the leukophores of a fraeshwater teleost, Oryzias 
latipes. J. Exp Zool 205: 413-422 

Iga T (1979) Alpha adrenoceptors: Pigment 
aggregation in Oryzias leucophores. Mem Fac Sci 
Shimane Univ 13: 87-95 

Iga T (1983) Basic properties of beta adrenergic 
receptors mediating melanosome dispersion of 
melanophores in a cyprinid fish, Zacco temmincki. 
Comp Biochem Physiol 76C: 297-303 

Iga T, Kinutani J, Maeno N (1990) Motility of 
cultured iridophores from the freshwater goby 
Odontobutis obscura. Zool Sci 7: 401-407 

Iga T, Matsuno A (1986) Motile iridophores of a 
freshwater goby, Odontobutis obscura. Cell Tissue 
Res 244: 165-171 

Iga T, Matsuno (1992) A novel leucophore in the 
darkbanded rockfish, Sebastes inermis. Zool Sci 6: 
1226 

Iga T, Takabatake I (1982) Denervated melano- 
phores of the dark chub Zacco temmincski: Method 
of denervation and the evaluation of preparations 
for physiological experiments. Annot Zool Jpn 55: 
61-69 

Iga T, Takabatake I, Watanabe S (1987) Nervous 
regulation of motile iridophores of a freshwater 
goby, Odontobutis obscura. Comp Biochem Physiol 
88C: 319-314 

Iga T, Yamada K, Iwakiri M (1977) Adrenergic 
receptors mediating pigment dispersion in 
leucophores of a teleost, Oryzias latipes. Mem Fac 
Lit Sci Shimane Univ (Nat Sci) 11: 63-72 
Kamei-Takeuchi I, Eguchi G, Hama T (1968) 
Ultrastructure of the pteridine pigment granules of 
the larval xanthophore and leucophore in Oryzias 
latipes (Teleostean fish). Proc Japan Acad 44: 959- 
963 


Lands AM, Arnold A, McAuliff JP, Luduena FP, 
Brown TG (1967) Differentiation of receptor sys- 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


911 


tems activated by sympathomimetic amines. Nature 
214: 597-598. 

Lythgoe JN, Shand J (1982) Changes in spectral 
reflexions from the iridophores of the neon tetra. J 
Physol 325: 23-34 

Maeno N, Iga T (1992) Adrenergic mechanisms 
associated with the movement of platelets in irido- 
phores from the freshwater goby, Odontobutis 
obscura. Comp Biochem Physiol 102C: 233-237 
Matsuno A, Iga T (1989) Ultrastructural observa- 
tions of motile iridophores from the freshwater 
goby, Odontobutis obscura. Pigment Cell Res 2: 
431-438 

Menter DG, Obika M, Tchen TT, Taylor JD (1979) 
Leucophores and iridophores of Fundulus 
heteroclitus: Biophysical and ultrastructural prop- 
erties. J Exp Zool 160: 103-120 

Miyoshi S (1952) Response of iridocytes in isolated 
scales of the medaka (Oryzias latipes) to chlorides. 
Annot Zool Jpn 25: 21-29 

Morishita F (1987) Responses of the melanophores 
of the medaka, Oryzais latipes, to adrenergic drugs: 
Evidence for involvement of alpha, adrenergic re- 
ceptors mediating melanin aggregation. Comp 
Biochem Physiol 88C: 69-74 

Namoto S, Yamada K (1987) Effects of forskolin, 
isoproterenol, and lithium ions on leucophores of a 
teleost, Oryzias latipes : Evidence for involvement of 
adenylate cyclase in pigment-dispersion response. 
Comp Biochem Physiol 86C: 91-95 

Obika M (1988) Ultrastructure and physiological 
responses of leucophores of medaka Oryzias latipes. 
Zool Sci 5: 311-321 

Odiorne JM (1933) The occurrence of guanophores 
in Fundulus. Proc Natl Acad Sci 19: 750-754 
Oshima N, Sato M, Kumazawa T, Okeda N, Kasu- 
kawa H, Fujii R (1985) Motile iridophores play the 
leading role in damselfish coloration. In “Pigment 
Cell 1985” Ed by J Baganara, SN Klaus, E Paul, M 
Schartl, Univ Tokyo Press, Tokyo, pp 241-246 
Stene-Larsen G (1981) Comparative aspects of 
cardiac adrenoceptors: Characterization of b- 
adrenoceptor as a common “adrenaline”-receptor in 
vertebrate heart. Comp Biochem Physiol 70C: 1-12 
Takeuchi I (1976) Electron microscopy of two types 
of reflecting chromatophores (iridophores and 
leucophores) in the guppy, Lebistes reticulatus Pe- 
ters. Cell Tissue Res 173: 17-27 

Tetens V, Lykkeboe G (1988) Potency of adrena- 
line and noradrenaline for red cells of rainbow trout, 
Salmo gairdneri. J Exp Biol 134: 267-280 

William LT, Jarett L, Lefkowitz RJ (1976) Adipo- 
cyte P-adrenergic receptors. J Biol Chem 251: 3096- 
3104 - 

Williams LT, Mullikin D, Lefkowitz RJ (1976) 
Identification of a-adrenergic receptors in uterine 


34 


912 T. IGA AND T. Mio 


smooth muscle membrane by [*H] dihydroergocryp- 
tine binding. J Biol Chem 251: 6915-6923 

Yamada K (1980) Actions of sympathomimetic 
amines on leucophores in isolated scales of a teleost 
fish with special reference to beta-adrenoceptors 


35 


mediating pigment dispersion. J Sci Hiroshima Univ 
B (1) 28: 95-114 

Yamada K, Iwakiri M (1982) Effects of cyclic- AMP, 
methylxanthines and imidazole on fish leucophores. 
Annot Zool Jpn 55: 199-209 


ZOOLOGICAL SCIENCE 10: 913-924 (1993) © 1993 Zoological Society of Japan 


Axotomy-induced Long-lasting Firing in an Identified 
Crayfish Motoneuron 
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ABSTRACT— An anal motoneuron L (AML) of Procambarus clarkii has its soma in the 6th abdominal 
ganglion (A6) and its axon extends along the posterior intestinal nerve (PIN) out from A6, but how far 
its ascending process runs forward through the nerve cord remains unknown. In this study, identified 
AML activity was recorded from PIN in the isolated nerve cord preparation which composed of thoracic 
(T1-T5) and abdominal ganglions (A1-A6) with PIN. Axotomy at any level below A1, or at a more 
distal position, induces repetitive firing in an otherwise silent AML. The firing showed a characteristic 
discharge pattern and persisted for more than an hour (<67 min, N=108). The duration and the 
latency of firing became shorter while the frequency increased as the axotomy was performed more 
caudally. The response was not blocked by bathing the nerve cord in high Ca**/Mg** saline or 
Ca?~-free saline, but was stopped by ligature of the nerve cord caudal to the axotomized site or by 
application of a hyperpolarizing pulse to this region. A depolarizing pulse instead enhanced firing. This 
indicates the axotomy-induced firing originates in AML itself and results from depolarization occurring 
at the cut end and also an ascending axonal process of AML runs through the nerve cord rostrally up to 


A1, but not beyond this ganglion. 


INTRODUCTION 


Effects of axotomy on neuronal excitability 
(electrogenesis) have been investigated in many 
vertebrate and invertebrate neurons. A variety of 
cases of increased, decreased, or unchanged ex- 
citability in axotomized neurons have been re- 
ported [24]. In invertebrate neurons, axotomy can 
induce a somatic excitability in which normally 
non-spiking somata of the crayfish, Procambarus 
clarkii or insect motoneurons and interneurons 
produce fast rising, overshooting action potentials 
in response to direct current injection after 
peripheral axotomy or local application of colchi- 
cine [19, 9, 14, 20]. All of these enhanced excita- 
bility, which lasted for only a limited time, were 
observed several hours to a few days after axotomy 
[14, 20, 24]. 

On the other hand, the axotomy-induced excita- 
bility in peripheral regions of severed invertebrate 
neurons has not yet been elucidated [24], although 
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several studies have shown that the resting mem- 
brane potential shows a decrease at the severed 
site in the earthworm [13], cockroach [21] and 
Aplysia [25]. In crayfish and lobster, the severed 
motor and giant axons separated from their somata 
can survive, conduct action potentials and release 
transmitter for more than 150 days [1, 3, 17]. 
However, in P. clarkii, Kuwada and Wine [14] did 
not find any neurons capable of exhibiting a 
peripheral excitability to axotomy, but found that 
all phasic neurons tested expressed somatic excita- 
bility, while the excitability of spontaneously ac- 
tive or tonic type neurons was unaltered. 

I have reported previously in P. clarkii that an 
anal contractor motoneuron has its soma in the 
terminal abdominal ganglion and the axon extends 
to the anal musculature out from this ganglion [15, 
16]. However, how far its ascending axonal pro- 
cess runs forward through the nerve cord remains 
to be clarified. In this paper, this identified 


motoneuron is shown to exhibit peripheral firing 
following. axotomy, and the mechanisms under- 
lying this firing are presented. On the basis of such 
a unique property of this motoneuron, a possible 
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innervation of its ascending process is clarified 
physiologically. 


MATERIALS AND METHODS 


Preparation 


The crayfish Procambarus clarkii, which was 
obtained from a commercial source, was used 
throughout the experiments. The entire length of 
nerve cord from the 1st thoracic (T1) to the 6th 
abdominal ganglion (A6) was dissected free from 
the animal. Six pairs of nerves and one unpaired 
intestinal nerve (IN) originates from A6 (Fig. 1, 
inset) [16]. IN branches further into 3 branches, 
the posterior intestinal nerve (PIN) and the pairs 
of the anterior intestinal nerve (AIN). PIN was 
left intact attaching to A6, while AINs were trim- 
med off. The experiments were performed either 
on this thoracico-abdominal nerve cord prepara- 
tion or the preparation in which the nerve cord was 
cut selectively between T1 and A6. 

The preparation was placed in a small chamber 
filled with saline consisting of 208 mM NaCl, 5.4 
mM KCl, 13.3mM CaCh, 2.6mM MgCh, buf- 
fered with 10 mM-Tris at pH 7.5, and kept at a low 
temperature (<11°C). The chamber consisted of 
two or three compartments separated by a bank of 
grease (silicone lubricant) (see Figs. 5, 6, inset). In 
one compartment, the nerve cord was transected 
with scissors, ligated with surgical silk, or exposed 
to the bath application of test solutions. In sti- 
mulation experiments, the chamber with three 
compartments was used, which allowed selective 
stimulation of either polarizing current supply 
without disturbing recording of PIN activity. The 
PIN activity was monitored in the end of compart- 
ments. 


Identification and recording 


The anal motoneuron L (AML), which is ca- 
pable of driving rhythmic anal contractions, can be 
identified by its largest amplitude among units 
recorded from PIN [15, 16]. PIN divides into two 
equal branches at a distal region [16] and the 
discharge activity of AML can be recorded extra- 
cellularly with a suction electrode from either of the 
distal branches of PIN (see the diagram in Fig. 1). 


The AML activity was displayed on a pen recorder 
via an amplifier and stored on magnetic tape. 
Spike intervals were calculated with a signal 
processor (7TO7A, San-ei Instr. Co., Japan). 


Bath application experiments 


The saline in the compartment where the nerve 
cord was transected was replaced by high-Ca** / 
Mg’* saline or Ca’*-free salines. The high-Ca*+ / 
Mg’* saline contained Ca?*+ and Mg?* 2.5 times 
of the normal concentration. Ca’*-free salines 
contain either 15.9 mM MgCl or 1 mM EGTA. In 
this study, these salines are referred to as high- 
Mg?’* and Ca**-free saline, respectively. All were 
buffered with Tris to pH 7.5. 


Stimulation experiments 


For stimulation or current passing, the chamber 
with three compartments was used. The first two 
adjacent compartments were equipped with Ag- 
AgCl electrodes (S1 and S2 in Fig. 6), through 
which the stimulation and the polarizing current 
was passed. Methylene blue vital staining indi- 
cated that the ascending process of AML runs 
rostrally through the nerve cord beyond A5 on the 
ventral median surface of the cord (unpublished 
observation). Thus, the partition between these 
two chambers were usually placed between two 
ganglia anterior to A5. A battery-operated (1.5—-6 
V) stimulator with microammeter to monitor the 
current strength was connected to the electrodes. 

Either hyperpolarizing or depolarizing current 
(pulse) was applied to the various positions of the 
cord or its transected end through these elec- 
trodes, changing the polarity by means of the 
switch placed in the circuit (Fig. 6, inset). 


RESULTS 


AML appears to be a T-shaped unipolar cell, 
because its soma is located in A6 and its axon 
innervates the anal musculature via PIN [15, 16] 
and its ascending process runs rostrally through the 
nerve cord beyond A5. Then, the effect of ax- 
otomy on AML activity was examined by cutting 
the nerve cord and the PIN nerve at various levels. 
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Transection experiments 


First, the effect of transection of the thoracic 
nerve cord was examined in the thoracico- 
abdominal nerve cord preparations (N=16). Be- 
fore cutting, AMLs were quiescent in all cases (15/ 
16=94%) except one (1/16=6%) which fired 
spontaneously at low frequency (<0.1 Hz). When 
the connectives between Tl and T5 were tran- 
sected at any positions, no effect was observed in 
discharge activity in AML, but transection be- 


tween TS and the rostral margin of Al (e to f in 
Fig. 1A) normally (13/16=81%) produced firing 
of AML at a low frequency (Fig. 1A). In this case, 
a long delay between the transection and the 
beginning of AML firing was observed (1.4—2.6 
sec, mean=1.9 sec, N=5). 

Next, the abdominal nerve cord preparations 
were transected which were composed of Al to A6 
with PIN. Transections at various positions along 
its long axis between Al and A6, always caused a 
sudden increase in frequency of AML discharge 
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Response of AML to transection (axotomy) at various positions in the isolated nerve cord preparation. The 


diagram on left-hand side shows transection positions. The preparation was cut at triangles with the letters, a-n, 
which correspond to the positions of lines with a-n in the diagram. Note that axotomy at any level below A1 (at g) 
could always induce LLF in AML (largest spikes), while that above the rostral margin of Al (at f) could not. 
A-E, response to axotomy of the nerve cord. The initial and the last parts of a LLF are shown and the figures 
indicate the time lapse (min) from the start of a LLF. F, response to axotomy of the nerve containing the anterior 
intestinal nerve (AIN) and the posterior intestinal nerve (PIN). G, response to axotomy of the distal stump of the 
AIN (at m) and of the proximal stump of PIN (at n). Other neurons (small spikes) contained in PIN responded to 


axotomy of the nerve (F, G; dotted lines). 


T1-T5, the 1st to 5th thoracic ganglion; Al-A6, the Ist to 6th 


abdominal ganglion; Rec, recording position. A, B-E and F, G are different preparations. Time scale was the 


same which is shown in A, except F. 
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(Fig. 1A to E), which persisted a while with a 
characteristic pattern of firing (Figs. 2, 3). This 
long-lasting firing (LLF) was also observed by 
recutting the nerve cord stump. In this case, when 
PIN remained connected to the anal region, the 
response to transection could actually produce 
anal contractions as described previously ([16]; 
Fig. 2F). 

This response was also observed by cutting the 
preparation between A6 and the nerve, containing 
PIN and even by recutting of the nerve completely 
isolated from A6 (at n in Fig. 1G), in which there 
is AML axon but no soma. It seems that the AML 
soma located in A6 [15] is not necessary for the 
generation of the axotomy-induced LLFs. 

Other neurons contained in PIN did not exhibit 
such a response. As shown in Figure 1A-E, PIN 
never responded to transections of the nerve cord 
at any level. Though transections of the nerve (at | 
and n in Fig. 1F, G) sometimes (5/17=29%) 


314A (A4-A5; 30-Imin) 


elicited a low-frequency firing, this firing never 
persisted like as that of AML (86 msec to 33 sec, 
mean +SE=11.7+6.1 sec, N=5/17). 

In the crayfish, 3 pairs of nerve roots originate 
from each abdominal ganglion from Al to AS, and 
6 pairs from A6 (Fig. 1, inset) [11, 16]. Cutting of 
the stumps of any of these side roots failed to 
evoke discharge activity in AML. Although AIN 
runs in IN together with PIN, cutting of its distal 
stump failed to induce any excitability in AML (m 
in Fig. 1G). 

It was then proved that axotomy of the nerve 
cord preparations along its long axis at any level 
below A1 can always evoke a prolonged excitabil- 
ity, a LLF of AML. 


Discharge pattern of an axotomy-induced LLF 


LLF has a characteristic firing pattern. The 
interspike intervals during LLF were found to 
increase exponentially at first and reach a steady 
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Interval 
The plot of sequential spike intervals against interval number during an axotomy-induced LLF in AML. The 
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number 


LLF began at time 0 when the connectives were cut between A4 and AS, which persisted for 30.1 min. The 
intervals were calculated with a signal processor; clock, 1 msec. Upper right inset; raster display, enlarged view 
(<4) of a part enclosed by a square in A. Large dots show at the time of 30 sec and 1 min from the beginning of 
the LLF. Note that intervals reach almost constant level within 1 min. 
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state (regular interval) within 30sec to 1 min, 
which was maintained over the successive time 
course with some progressive reduction (Fig. 2). 
This was common to all cases of transections of 
different positions along the long axis of the prepa- 
rations (N=15). 

The changes in firing frequency during LLF 
were calculated by counting the number of AML 
spikes every per minute over a period of 25 min 
(Fig. 3). A similar yet somewhat different time 
course was found depending on the position of the 
transections. LLF was thus characterized by an 
initial high-frequency firing with exponential in- 
crease in inter-spike intervals during the first mi- 
nute, followed by a progressively lower frequency 
over the successive time course (Fig. 3). 


Effect of transection level on AML discharge 
activity 

The latency, duration or frequency of the LLFs 
were found to be affected by the level of transec- 


30 
¥ 
= 
E 
@ 200 
a 
wn 
Ko) 
fe} 
Zz 
100 
0 


tion. The frequency was defined as the number of 
AML spikes during the first minute of LLF. 

They are summarized in Table 1. Although it 
was often difficult to measure the latency accurate- 
ly because of its short duration (<10 msec, espe- 
cially in the case of transections of the nerve 
segment isolated from A6), the latency tended to 
decrease as the preparation was cut more caudal. 
The duration was found to be variable with the 
positions of transections in the range of 7 sec to 67 
min (N=108, in Table 1). Table 1 shows that, as 
the transection was done more caudally, the dura- 
tion became shorter. The frequency, on the other 
hand, tended to be higher with more caudal tran- 
section, ranging from 1.2 to 12.2 Hz (N=101, in 
Table 1). 

In summary, AML begins to fire more rapidly 
and exhibits more stronger excitability, but its 
activity stops sooner as the preparation is tran- 
sected more caudally. These results support the 
idea that the axotomy-induced LLF is a result of 
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Time course of the changes in firing frequency during an axotomy-induced LLF in AML. Data from 10 


preparations transected at various positions are plotted as the number of AML spikes at 1-min intervals during a 


period of 25 min after the beginning of a LLF. The LLFs ranged from 4 min to over 25 min. 


Note the 


high-frequency firing during the first minute of the LLFs, followed by the lower-frequency over the successive 
time course. See the diagram in Fig. 1 as for abbreviation for the positions of transection shown at upper right. 
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TABLE 1. 


Effect of transection positions on latency, duration and frequency of 


the axotomy-induced LLFs in AML. The frequency was expressed as the 
number of spikes during the first minute of a LLF (see Text). The 
connectives between each two abdominal ganglions (A1 to A6) or the nerve 
(N) containing PIN were transected 


Duration 
min 


Frequency 
Hz 


Position of Latency 
transection msec 
A1-A2 60+ 8.7 (4) 
A2-A3 57+22.2 (4) 
A3-A4 40+ 9.0 (4) 
A4-A5 46+13.4 (4) 
AS-A6 24+ 1.9 (4) 
A6-N 16+ 1.5 (3) 
N-N <10 (3) 


25.3+4.17 (17) 
13.2+2.28 (14) 
8.4+1.60 (15) 
7.5+2.02 (15) 
5.6+2.10 (15) 
3.5+1.32 (17) 
2.8+1.01 (15) 


3.3+0.19 (17) 
2.6+0.17 (14) 
2.5+0.19 (14) 
3.1+0.20 (15) 
3.6+0.49 (15) 
5.3+0.52 (16) 
7.4+0.79 (10) 


Values are mean+SE (number of preparations). 


the axotomy of AML itself and that it initiates at 
the point of transection. 


Bath application experiments 


To see whether the LLFs are independent of 
input from other neurons, the abdominal nerve 
cord was bathed in high-Ca** /Mg** saline bath 
(N=4) to block interneuronal (polysynaptic) path- 
ways within the ganglions [8], and in high-Mg?* 
saline (N=6) or Ca?*-free saline (N=2) to block 
synaptic input [2]. These baths did not inhibit the 
response of AML to axotomy even after a 2-hr 
period of adaptation. 

The response to axotomy in high~Ca?*/Mg?* 
saline was similar to that in normal saline, but the 
response in high-Mg’* or Ca?" -free saline differed 


A 


from that in normal saline in the prolonged and 
even reinitiated firing in some cases. Its firing rate 
was increased and firing pattern was changed (Fig. 
4). The AML activity following axotomy in high- 
Mg’ saline was sustained for a long-period of 
time (=1.5 hr in 3/6 cases), up to about 15 hr. In 
Ca’*-free saline, it persisted for 1.5—3 hr, and the 
firing pattern changed from tonic to phasic, then 
later reverted. The change in the firing pattern was 
observed in 2 cases out of 6 in high-Mg’* saline, 
and in 2 cases out of 2 in Ca**-free saline. 

In 2 cases out of 6, AML fired spontaneously in 
a tonic firing pattern 1.5 hr or 4 hr after adaptation 
in high-Mg** saline; the high-frequency firing was 
established gradually (Fig. 4C, D) and persisted 
for hours (4hr or 12.3 hr, respectively). There- 
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Fic. 4. AML activity in the bath application of high-Mg’~ saline (CaCl, replaced by MgCl,). A, modulation of the 
firing pattern of AML activity (largest spikes) at 1 hr after application, in which axotomy was performed 30 min 
after application. B, 130 min after application in the case of A, AML again restarts a high frequency firing 


following axotomy at A (between A3-A4). 


C, after about 4hr of the adaptation, AML began to fire 


spontaneously with a gradual increase in firing rate, followed by a high-frequency firing, which persisted for a long 
period of time. D, about 6 hr after C. A, B and C, D are different preparations. 
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Fic. 5. Blockage of an axotomy-induced LLF in AML by ligature. The LLFs induced by axotomy of the isolated 
nerve cord preparation (upper inset) at the positions A with a, c, and e, stop by ligature at the positions A with b 
and d, caudal to the axotomized positions. In this case, when the thread used for ligature became loose, AML 
began to fire at the right side of A. The positions of axotomy (vertical lines) and ligature (x) and the recording 
position of AML activity (Rec) are represented in upper inset. B is a record about 1 min after the end of A. 


Fic. 6. Response of AML to hyperpolarizing or depolarizing pulse. Upper inset, diagram of arrangement (right) and 
circuit (left) used for applying stimulation. S1 and S2, stimulation electrodes; R, recording electrode; Pot D, 
potential divider; MA, microammeter; SW, switch for changing a polarity of S1 and S2; B, battery. A, 
suppression of the axotomy-induced LLFs in AML by applying a hyperpolarizing pulse to the nerve cord caudal to 
the position of transection. The LLFs were observed by transection of the nerve cord at first at the position 
represented as a dotted line and then after at the position with A in upper inset. B, increase in the frequency of 
AML activity by applying a depolarizing pulse. C, a prolonged firing in quiescent AML induced by a depolarizing 
pulse. D, changes in the firing rate of AML with an increase in the intensity of depolarizing pulses (from left, 22, 
45, 90, 245, and 399 wA). A, B, C, and D are different preparations. Upper traces represent discharge activities 
(AML spikes are the largest) and lower traces stimulation; the double horizontal bar indicates the duration of a 
hyperpolarizing pulse (S1 is negative in respect to S2) and the single bar (upward) that of a depolarizing one (S1 is 
positive with respect to S2). 
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fore, the synapse-blocking saline seems to raise the 
firing ability of AML. 


Ligature and stimulation experiments 


When the connectives caudal to a transection 
position were tied with a thread during a LLF, the 
response always stopped immediately (Fig. 5). If 
the thread became loose, AML soon resumed its 
firing activity (Fig. 5A). This fact shows that the 
LLF might be reversibly blocked by local ligature 
of the connectives and that the axotomy-induced 
LLF might originate from the transection site, 1.e., 
the cut end of the AML axon. This possibility was 
confirmed by the following stimulation experi- 
ments. 

First, as shown in the inset of Figure 6, a counter 
current was applied to the nerve cord caudal to the 
transection position by the two electrodes, S1 and 
S2, in which S1 in the rostral position close to the 
cut region is negative, in respect to S2 in the caudal 
position. This stimulus (hyperpolarizing pulse) 
was clearly capable of blocking the LLF induced 
by transection of the nerve cord rostral to the 
electrodes (Fig.6A). In this case, a complete 
blocking of the LLF could be seen if the applied 


$2(-) 


pulse was large enough (>30 A). These facts 
show that a prolonged excitability of AML seen 
following transection was produced at the cut end 
of the AML itself. 

Secondly, reversing the polarity of the two elec- 
trodes was caused by a depolarizing pulse applied 
at the cut end. A depolarizing pulse applied during 
LLF could raise its firing rate (Fig. 6B). Such a 
stimulus at any position along the abdominal nerve 
cord could produce a tonic firing in quiescent AML 
(Fig. 6C). As shown in Figure 6C, the response 
lasted throughout the stimulation: AML showed a 
high-frequency firing at the beginning of the sti- 
mulation and then a progressive decline. Increase 
in stimulus intensity also raised the firing rate (Fig. 
6D). The response characteristic of the stimulus- 
induced firing in AML was similar to that of the 
axotomy-induced firing (compare Fig. 6C with Fig. 
1). 

The mean latency between onset of stimulus and 
the start of LLF with standard error was found to 
be 48+2.0 msec (N=9, in the range of 34-54 
msec) when depolarizing pulse was applied at the 
connectives between Al and A2. Comparison of 
this result with that for axotomy-induced response 
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Illustration of the innervation of an ascending process of AML, reaching up to Al. The arrangements of the 


preparation composed of T4 (4) to A6 (6) with PIN, the stimulation electrodes (S1, $2) and the recording 
electrode (R) are shown in upper inset. A depolarizing pulse (120 A, upward horizontal bar in lower trace) 
applied above A1, between T5 and A1 (left inset) can not induce LLF in AML (A), while this pulse applied below 
A1, between Al and A2 (right inset) can always induce LLF during the pulse (B). C, 9.5 min after B, AML 
begins to fire spontaneously. D, 75 min after the beginning of spontaneous firing of C, the high-frequency firing 
of AML is suppressed by a hyperpolarizing pulse (30 ~A, double horizontal bars in lower trace) applied by the 
same electrodes that was used for applying pulse in B (upper right inset), but the polarity of the electrodes was 


reversed, S1 was negative relative to S2. 
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(60+8.7 msec, N=4 in Table 1) shows no signi- 
ficant difference (P<0.05, using Mann-Whitney 
U-test). 


How far does AML extend its ascending process? 


By use of the same procedure described above, 
direct confirmation of the hypothesis that an 
ascending branch of AML runs through the nerve 
cord to Al but not above it was provided; a 
depolarizing pulse to the connectives between Al 
and A2 produced prolonged discharge activity in 
AML while the same stimulus to those between T5 
and Al failed to do so (Fig. 7A). This response 
was similar to that observed by transection of the 
nerve cord between TS and Al (Fig. 1A). 

In this experiment AML sometimes began to fire 
spontaneously a few minutes after cessation of a 
stimulus-induced LLF. The discharge frequency 
increased gradually (Fig. 7C, D) and lasted for 
more than 1hr. Even after 75 min, this spon- 
taneous LLF was found to be reversibly blocked by 
a hyperpolarizing pulse applied by the same elec- 
trodes as those used for expression of the stimulus- 
induced LLF (Fig. 7D). 


DISCUSSION 


Endogenous property of the axotomy-induced LLF 


The observation reported here showed that 
long-lasting firing (LLF) in an_ identified 
motoneuron, AML of the crayfish occurs by ax- 
otomy of the nerve cord preparation at any level 
below A1 along its long axis (Fig. 1). Ultrastructu- 
ral [22] and physiological analysis [11] showed that 
there are many thousands of axons in the connec- 
tives of crayfish nerve cord. There are also sensory 
cells within the nerve cord of the crayfish, which 
respond to stretch of the nerve cord [10, 11]. 

Accordingly, one might expect that the ax- 
otomy-induced LLF would be a result of synaptic 
interactions between AML and other neurons or 


sensory elements. This possibility is disproved by 
the bath application experiments with synapse- 
blocking salines; high Ca** /Mg** and Ca?*-free 
salines did not block the LLFs, but instead Ca?*- 
free salines increased the firing rate and prolonged 
the duration. A spontaneous discharge of AML 


occurred and persisted for a long period of time 
(>3 hr) in this saline (Fig. 4D). Both initiation 
and maintenance of the LLFs are possible in 
synapse-blocking salines, supporting the idea that 
the LLFs must be due to an endogenous property 
of AML itself. Invariant characteristics in firing 
patterns (Figs. 1, 3) and the short latency (Table 1) 
also support this idea. 

It is interesting to note that decay of firing 
frequency (Fig. 3) and the long duration (7 sec to 
67 min, N=108) of LLFs closely resemble those 
described for a long-lasting afterdischarge of the 
bag-cells in Aplysia, which is induced by a brief 
train of electrical stimuli [5] or occurs in vivo 
before normal egg laying [18]. In Aplysia, the 
afterdischarge exhibits high frequency firing during 
approximately 1 min of activity, followed by a 
low-frequency one and its duration ranges from 
<1 min to 70 min (N=21) [5]. These similarities 
in activities of AML and the bag-cells may be due 
to an endogenous property based on prolonged 
depolarization. 

The prolonged firing following axotomy seems 
to be unique to AML in PIN (Fig. 1). Other 
neurons contained in PIN did not respond to 
axotomy of the nerve cord (Fig. 1A-E). Even if 
PIN was cut, the response occurred occasionally 
(5/17=29%) and did not last long (<33 sec, Fig. 
1F, G). AIN contained both afferent and efferent 
neurons innervating the hindgut of the crayfish and 
appeared to have synaptic connection with AML 
because the AML firing pattern was affected by 
the presence or absence of input from AIN [16]. 
However, cutting of the distal stump of AIN did 
not induce LLF in AML (Fig.1G). This fact 
supports the idea that only AML is capable of 
responding to axotomy, though its functional signi- 
ficance is obscure. 

AML response with LLF to axotomy appears to 
be an exception and can not be generalized to 
other invertebrate neurons. Effects of axotomy on 
neuronal excitability have been investigated in 
motoneurons and interneurons of crayfish [14], 
locust [9], cockroach [19], and cricket [20], yet 
none of them have shown a prolonged firing fol- 
lowing axotomy (for review, [24]). 
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Mechanisms underlying the axotomy-induced LLF 


The site of spike generation in the axotomy- 
induced LLF seems not to be restricted to a 
localized region of AML, unlike other ordinary 
motoneurons in which the initiation of spike is 
limited at the so-called initial segment. The LLFs 
arise from any cut region of the axotomized AML 
axon, indicating peripheral spike generation. Evi- 
dence for this is as follows: (1) Axotomy of the 
nerve cord and the isolated nerve segment sepa- 
rated from A6 always induced the LLFs in other- 
wise silent AML (Figs. 1, 5); (2) recutting the 
nerve cord stump or the isolated nerve segment 
could again restore the LLFs (Figs. 1, 5); (3) as the 
axotomy was performed more caudally, the laten- 
cy became shorter whereas the firing rate increased 
(Table 1). As cutting nerve axons disrupts their 
ability to conduct action potentials [13] and the 
soma of AML locates within A6 [15], these facts 
support the idea that the LLFs build up at the cut 
end regardless of the presence of the soma. 

If the above idea is true, the propagation of 
excitability through the axon leading to one LLF 
must be blocked by some experimental procedures 
applied locally, and this turned out to be the case. 
The LLFs were proved to be reversibly blocked by 
local ligature of the connectives (Fig. 5) or by an 
adequate hyperpolarizing pulse (230A), ap- 
plied caudally to the axotomized region (Fig. 6A). 
And even after more than 1 hr of the beginning of 
the LLF, there is complete blockage of propaga- 
tion by the hyperpolarizing pulse (Fig. 7D). This 
means that the LLFs might be retained for a long 
time at the cut end. 

It is then concluded that initiation and mainte- 
nance of the LLFs are apparently a local event 
occurring at the cut of the AML axon, supporting 
the idea that the LLFs result from a peripheral 
spike generation; however, no such cases have 
been reported. For crayfish or insect motoneurons 
and interneurons, several authors found that ax- 
otomy induces somatic, but not peripheral excita- 
bility [9, 14, 19, 20]. 

Several lines of evidence support the idea that 
the LLFs must be based on a prolonged depolar- 
ization occurring locally at the cut site. First, they 
occurred in response to transection of the prepara- 


tion, but not to ligature, indicating that they may 
result from an increased inward current (depolar- 
ization) through the cut end of the transected 
AML. Second, a depolarizing pulse generated a 
repetitive firing in AML throughout stimulation. 
This response is similar to that observed in the 
axotomy-induced firing (Figs. 1, 6C). The intensi- 
ty of depolarization can be positively correlated 
with the firing rate (Fig. 6D). Third, a hyperpolar- 
izing pulse can suppress the LLFs (Figs. 6A, 7D). 

Similar examples are found in tonic stretch 
receptor cells of the crayfish and lobster [7, 23] and 
some molluscan cells [5, 12]. In these cases, a 
prolonged depolarization induces repetitive dis- 
charges in a nerve cell whose firing rate is directly 
related to the magnitude of depolarization [5, 7, 
12, 23]. The firing pattern closely resembles that 
observed in the present AML [13, 23]. 

It is then expected that a depolarization 
observed in the cut end of AML might be associ- 
ated with injury potentials which occur locally at 
the injured site of a nerve [24]. However, even 
though injury currents entering through the in- 
jured (cut) site of the nerve are found in the 
transected lamprey nerve cord [4], Aplysia 
metacerebral neuron [21], and cockroach giant 
neuron [25], they do not develop repetitive firing 
at the injured site of a given nerve. In contrast, 
injury currents of AML always elicited a pro- 
longed firing. 

It can therefore be presumed that AML has the 
specific membrane property capable of eliciting a 
repetitive firing due to injury currents. Investiga- 
tions of this property will be the subject of further 
studies. 


Architecture of AML 


As discussed above, this study has revealed that 
the innervation of AML can be identified physiolo- 
gically. On the basis of this finding and the 
previous cobalt diffusion experiments [15], an 
architecture of a single unit, AML is assumed to be 
T-typed unipolar: One process ascends the nerve 
cord to end in Al and the other process runs to the 
anal musculature via PIN. The presence of AML 
axon in PIN has previously been reported [16] 
where the axotomy-induced LLFs could actually 
produce anal contractions, as long as PIN re- 
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mained in contact with the anal region. 

The evidence for the view that the ascending 
axon (interganglionic axonal process) reaches to 
and ends in Al comes from the observation that 
axotomy of the nerve cord along its long axis at any 
level below Al induced LLF in AML, while that 
above the rostral end of Al failed to produce this 
response (Fig. 1). Another observation which sup- 
ports this view is that a depolarizing pulse applied 
to the connectives between T5 and Al! failed to 
induce LLF in AML, while the pulse applied to the 
connectives caudal to Al did (Fig 7). Even though 
the hindgut efferent neurons of the crayfish, 
Orconectes limosus, seem to form synaptic con- 
tacts with interganglionic processes in the neuropil 
of A6é [6], AML is unlikely to have such synaptic 
contact because of the short delay of the LLFs 
(Table 1) and because no influence of synapse- 
blocking salines was observed on the generation of 
the LLFs (Fig. 4). It appears that the ascending 
axon runs uninterruptedly through the nerve cord 
until Al on the ventral median surface and has no 
side branching because AML never responded to 
axotomy of any side roots deriving from A1 to A6. 

It is then concluded physiologically that AML 
has a long ascending interganglionic axon, 
reaching up to Al. The function and morphologic- 
al details of this ascending part of AML axon 
remain to be studied. 
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ABSTRACT—A growth factor that is highly mitogenic on BALB/c 3T3 cells and exists exclusively in 
rat and mouse sera was purified from rat serum by heparin affinity chromatography (two times), 
anion-exchange chromatography and hydrophobic interaction chromatography. The purified factor, rat 
serum growth factor (R-SGF), was shown as a single band by SDS-gel electrophoresis and its molecular 
weight was estimated to be 32 kDa. The molecular weight was confirmed by gel filtration chromatogra- 
phy of the purified sample. The DNA synthesis-stimulating activity of R-SGF was lost by treating with 
protease, mercaptoethanol, acid and heating. R-SGF stimulated DNA synthesis of rat lung fibroblasts 
only when they were immortalized by going through crisis, whereas it had no effect on normal (mortal) 
cells tested before the crisis. This biological property of the factor was different from that of 
well-known heparin-binding growth factors, such as platelet-derived growth factor, acidic fibroblast 
growth factor and basic fibroblast growth factor, which stimulated DNA synthesis on both the mortal 


and immortal cells. These results indicate that this factor is a novel growth factor. 


INTRODUCTION 


Various growth factors in the serum must play 
important physiological roles throughout mamma- 
lian life by regulating cell growth, cell differentia- 
tion and cell migration in organs. However, they 
have not been well studied, except a few major 
ones such as platelet-derived growth factor 
(PDGF), insulin-like growth factor (IGF), epi- 
dermal growth factor (EGF), transforming growth 
factor-/? (TGF-/), because of their existing in small 
amounts in serum. 

In order to analyze serum growth factors, we 
previously made a comparison study between sera 
from various mammals, bovines, humans, rats and 
mice, on their mitogenic activities, and found that 
rat and mouse sera have greatly high activity as 
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measured by stimulation of DNA synthesis on 
BALB/c 3T3 cells, whereas fetal bovine serum 
(FBS) and calf serum (CS) are far less in activity 
[41]. Bowen-Pope et al. have reported a similar 
result to ours [8], and other researchers have 
demonstrated the presence of unknown factors in 
rat serum, each of which is active to a specific cell 
type(s) [15, 25]. Through a study on growth 
factors in rat serum using heparin affinity chroma- 
tography, we found the high activity of the serum 
is caused by a certain heparin-binding growth 
factor [41]. The factor was found to be present in 
mouse serum as well, but not in human and bovine 
sera. We also reported that the mitogenic activity 
of the factor disappeared when human fetal lung 
fibroblasts (TIG-1 cells) were used instead of 
BALB/c 3T3 cells [41]. In the present paper, first 
we describe the purification of this growth factor, 
rat serum growth factor (R-SGF), and then study 
its property of mitogenic activity as well as its 
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physicochemical characteristics. 


MATERIALS AND METHODS 


Animals and preparation of serum 


Male Wistar rats of 8-13 months old were 
obtained from the Supplying Facilities for Aged 
Animals of the Tokyo Metropolitan Institute of 
Gerontology. The animals were kept under a SPF 
condition at 22°C and 55% relative humidity. 
Serum was collected from those animals as de- 
scribed in our previous paper [21], pooled and 
stored at —70°C. 


Assay of DNA synthesis 


DNA synthesis-promoting activity was assayed 
on BALB/c 3T3 cells by the method described in 
our previous paper [41]. Briefly, 3T3 cells (2 x 10* 
cells/ml) were inoculated in Dulbecco’s modified 
Eagle’s medium (DME) (pH7.3) containing 3% 
CS and kept for 5 h in the medium, which was then 
replaced by serum-deficient medium (0.2% CS). 
After 24h, test samples were added to the cul- 
tures, and 16h later the cultures were pulsed for 3 
h with [>H]thymidine, followed by measurement of 
the incorporation of radioactivity into trichlor- 
oacetic acid-precipitable materials. 


Purification of R-SGF 


Heparin affinity chromatography. Rat serum, 
after being centrifuged at 12,000 rpm for 20 min, 
was applied to a heparin-Sepharose CL-6B (Phar- 
macia) column (22 ml bed volume, 1.5 I.D. x 12.5 
cm) equilibrated with 10mM_ Tris-HCl-0.1% 
CHAPS-0.7 mM phenylmethylsulfonylfluoride 
(PMSF) (pH7.3) (TCPB-1), containing 0.1M 
NaCl. Growth factors were eluted at a flow rate of 
42 ml/h with the same buffer at first, then with 0.3 
M NaCl in TCPB-1, followed by a 0.3-1.5 M NaCl 
linear gradient in TCPB-1. One ml fractions were 
collected and the DNA synthesis-stimulating activ- 
ity of each fraction was determined on BALB/c 
3T3 cells. The fractions with the highest activities 
were pooled, then concentrated and desalted using 
Centriprep (Amicon Inc., Beverly, MA). Next, 
the concentrated sample was applied to heparin 
affinity high performance liquid chromatography 


on a TSKgel Heparin-5PW column (Tosoh Corp., 
Tokyo, Japan; 0.75 I.D. x7.5 cm), and eluted at a 
flow rate of 30 ml/h in the same elution system as 
that for the preceding heparin column. 

Anion-exchange chromatography. A TSKgel 
DEAE-SPW column (Tosoh Corp.; 0.75 I.D. x7.5 
cm) was equilibrated with 10 mM Tris-HCI-0.1% 
CHAPS-0.5 mM PMSF (pH 6.9) (TCPB-2). The 
active fractions from heparin HPLC were applied 
to the column, and material was eluted with the 
same buffer followed by 0.2 M NaCl in TCPB-2 
and then a 0.2-1.2M NaCl linear gradient in 
TCPB-2 at a flow rate of 24 ml/h. 

Hydrophobic chromatography. 
Finally, the most active fractions collected from 
the preceding processes were applied to hydropho- 
bic interaction chromatography on a TSKgel 
Phenyl-SPW column (Tosoh Corp.; 0.75 I.D. x7.5 
cm) having been equilibrated with 0.1 M KH>PO,- 
NaOH-0.05% CHAPS-0.1mM PMSF (pH7.0) 
(KCPB), containing 1.5 M (NH4)2SO,4. Material 
was eluted at a flow rate of 18 ml/h by two steps of 
linear gradient : 1.5 M-0.57M (NH4)2SO, in 
KCPB and 0.57 M-0 M (NH4)2SO, in KCPB. 

SDS-electrophoresis. The final sample thus 
purified and the sample partially purified from the 
second heparin column were applied to polyacryla- 
mide gel electrophoresis according to the method 
of Laemmli [22]. After electrophoresis, the gel 
was fixed and stained by a silver staining kit 
(Daiichi Pure Chemicals Co., Ltd., Tokyo, 
Japan). 


interaction 


Gel filtration chromatography of purified R-SGF 


Purified R-SGF (approximately 0.7 ng) was ap- 
plied to gel filtration chromatography on a TSKgel 
G2000SW column (Tosoh Corp.; 0.75 I.D. x30 
cm) equilibrated with 10mM _ Tris-HCI-0.04% 
CHAPS (pH 7.0), containing 1.0 M NaCl. Mate- 
rial was eluted with the same buffer at a flow rate 
of 12 ml/h, and 0.2 ml fractions were determined 
for their activity. 


Treatments of purified R-SGF 


For the examination of the susceptibility of 
R-SGF to protease digestion, purified sample 
(approximately 0.4 ng) was incubated at 25°C for 7 
h with 2 “g/ml of non-specific protease (Bacterial, 
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Type IV, Sigma). The effect of a reducing agent 
on R-SGF was determined by incubating sample 
(about 0.5 ng) with 0.1.M 2-mercaptoethanol at 
25°C for 3h. To determine the stability of R-SGF 
to heat and acid, sample (about 0.5 ng) was heated 
at 100°C for 5 min, or incubated with 1 M acetic 
acid for 60 min or 7h. 


Cultures of mortal and immortal cells, and deter- 
mination of the responses of those cells to R-SGF 
and other growth factors 


Primary cultures of rat fetal lung fibroblasts (RL 
cells) were prepared from the lung of a Wistar rat 
fetus (gestational age, 20 days) as described in our 
previous paper [41], and maintained in DME (pH 
7.3) supplemented with 10% FBS and antibiotics. 
They were subcultured for a long enough period so 
that the cells went through crisis and became 
immortalized fully. Cells at 7 population doubling 
level (PDL) (normal and mortal cells) and cells at 
51 PDL (immortalized cells) were used for the 
determination of DNA synthesis-stimulating activ- 
ity of purified R-SGF and other well-known 
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DNA Synthesis (Unit x10’) 
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growth factors, basic fibroblast growth factor 
(bFGF), acidic fibroblast growth factor (aFGF) 
and PDGF. With both cells the procedure for 
DNA synthesis assay was the same as for BALB/c 
3T3 cells except that the cell number for both RL 
cells was 4X10*/well instead of 2 10*/well for 
3T3 cells. The rat lung fibroblasts as well as 
BALB/c 3T3 cells were confirmed to be free of 
mycoplasma contamination [43]. 


Growth factors 


PDGF and bFGF were purchased from Takara 
Shuzo Co. Ltd., Kyoto, Japan and R & D System, 
Inc., Minneapolis, MN, respectively. Acidic FGF 
was kindly donated by Dr. K. Nishikawa of Kana- 
zawa Medical University. 


RESULTS 


Purification of R-SGF from rat serum 


When rat serum was fractioned on a heparin- 
Sepharose CL-6B column, four peaks which stimu- 
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Fic. 1. 


Heparin-affinity column chromatography of rat serum 


Rat serum (about 10 ml) was loaded onto a heparin-Sepharose CL-6B column and eluted at a flow rate of 42 ml/h 
as described in Materials and Methods. One ml fractions were collected and their absorbance at 280 nm were 
monitored (dotted line). The mitogenic activity was measured by incorporation of [*H]thymidine into BALB/c 
3T3 cells and expressed by units; one unit was defined as the amount of FBS which elicited a half maximal 
stimulation of DNA synthesis in the same assay procedure (thick solid line). The thin solid line represents the 


molar concentration of NaCl. 
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Fic. 2. lIon-exchange chromatography on a DEAE-5PW column 
The pooled sample of active fractions from heparin-affinity HPLC was loaded onto a DEAE-SPW column and 
eluted as described in Materials and Methods. Four hundred microliter fractions were collected and their 
absorbance at 280 nm was monitored (dotted line). The mitogenic activity of each fraction was measured by 
incorporation of [*H]thymidine into BALB/c 3T3 cells and expressed as dpm per well (1 ml) in the thick solid 
line. The NaCl concentration was expressed in the thin solid line. 
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Fic. 3. Hydrophobic interaction chromatography on a phenyl-SPW column. 
The pooled sample of active fractions from DEAE column was applied to a phenyl-SPW column and eluted by 
two steps of (NH4)2SO, linear gradient as described in Materials and Methods. Three hundred microliter 
fractions were collected and their absorbance at 280 nm and their mitogenic activity on 3T3 cells were determined. 


A Novel Growth Factor from Rat Serum 


lated the incorporation of [*H]thymidine into 
BALB/c 3T3 cells were observed (Fig. 1). The 
fractions of the biggest peak, which eluted at 1.1 M 
NaCl, were collected and desalted. This step 
provided more than 3,000-fold increase in the 
specific activity from the serum level. The sample 
was then subjected to heparin affinity HPLC on a 
TSKgel Heparin-5PW column, and only one peak, 
which eluted at around 1.0M NaCl, showed 
mitogenic activity (data not shown). When the 
fractions of this peak were further fractioned on a 
TSKgel DEAE-5PW column, mitogenic activity 
was eluted at around 0.55 M NaCl (Fig. 2). The 
most active fractions from DEAE column were 
loaded onto a TSKgel Phenyl-5PW column, and 
finally purified growth factor was eluted at around 
0.35 M (NHg4)2SO, (Fig.3). The material was 
named rat serum growth factor, R-SGF. About 
100 ng of R-SGF was obtained from 100 ml of rat 
serum by these purification procedures. 


Homogeneity of R-SGF 
The homogeneity of the final sample (R-SGF) 


from these purification procedures was analyzed 
by SDS-PAGE and gel-filtration. On a polyacryla- 
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Fic. 4. SDS-PAGE of sample from the second heparin 
column (A) and purified R-SGF (B) 
Samples were dialyzed against 10 mM Tris-HCl (pH 
7.2), and the partially purified sample was applied to 
a 15% polyacrylamide gel (A) and the final prepara- 
tion (about 10 ng) was to a 10-20% gradient gel (B). 
The molecular markers were as follows; phosphory- 
lase b (97.4kDa), bovine plasma albumin (66.3 
kDa), aldolase (42.4 kDa), carbonic anhydrase (30.0 
kDa), trypsin inhibitor (20.1 kDa) and lysozyme 
(14.4 kDa). 
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Fic. 5. Gel filtration of purified R-SGF 


Purified R-SGF was loaded onto a G2000SW column and eluted as described in Materials and Methods. 


Two 


hundred microliter fractions were collected and determined for their mitogenic activity on BALB/c 3T3 cells 
(thick solid line) and absorbance at 280 nm (dotted line). The molecular weight markers were indicated by 
arrows: albumin (67 kDa), ovalbumin (43 kDa), chymotrypsinogen A (25 kDa) and ribonuclease A (13.7 kDa). 
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mide gradient gel (10-20%) R-SGF migrated as a 
single band in a position corresponding to 32 kDa 
(Fig. 4). In order to confirm the molecular weight, 
the purified R-SGF was applied to gel filtration 
chromatography. As shown in Fig. 5, only one 
peak of mitogenic activity was obtained at a posi- 
tion corresponding to 32-37 kDa. 


Physicochemical characterization 


Table 1 shows the effects of various treatments 
of purified R-SGF on its mitogenic activity in 
BALB/c 3T3 cells. The activity was lost drastical- 
ly by heating at 100°C for 5 min. As a result of the 
treatment with 1 M acetic acid both for 60 min and 
7 hr, the activity sharply decreased. The factor 
was also inactivated drastically by the digestion 
with protease, and completely lost its activity by 
the reduction with 0.1 M 2-mercaptoethanol. 


Conditions of cells for responding to purified R- 
SGF 

Rat fetal lung fibroblasts (RL cells) were subcul- 
tured to over 60 PDL, and during the course they 


5H-thymidine Incorporation (dpm x10*) 


0.001 0.002 0.005 0.01 0.02 


TaBLE 1. Effects of various treatments on the 
mitogenic activity of R-SGF 


Remaining 
Treatment activity 
(%) 

None 100 

100°C, 5 min 4.7 
1M Acetic Acid, 25°C, 60 min 9.9 
1M Acetic Acid, 25°C, 7 hr 6.2 
0.1M 2-Mercaptoethanol, 25°C, 3 hr 0.4 


Protease (Bacterial, Type IV), 25°C, 7 hr 5.5 


* Values are the means of two test samples. 


underwent crisis at 15 PDL (data not shown). As 
shown in Fig. 6, RL cells which had undergone 
crises and eventually had become immortalized 
acquired more intense sensitivity to the well- 
known growth factors (Fig. 6B) than cells still in 
mortal state (Fig. 6A), because immortal cells 
began to elicit DNA synthesis with less amounts of 
factors and exhibited more amounts of DNA 
synthesis than mortal cells. Among well-known 
growth factors tested, bFGF had the highest sensi- 
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Fic. 6. Mitogenic activities of R-SGF and other common growth factors on normal (mortal) cells (A) and 


immortalized cells (B) 


Various amounts of four kinds of growth factors, R-SGF (@—@®), bFGF (O—O), aFGF (4---) and PDGF 
(A---A) were determined for DNA synthesis-stimulating activity on 7PDL (A) or 51 PDL (B) of RL cells (See 
Materials and Methods). The figures on the horizontal axis indicate the concentration of growth factors (ng/ml 


well). 
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tivity to both RL cells, because the amount needed 
for initiating DNA synthesis stimulation was 
around 0.01 ng for mortal cells and it shifted to 
0.005 ng for immortal cells. The second sensitive 
was aFGF with the shift from around 0.5 ng for 
mortal cells to 0.3 ng for immoral cells, followed 
by PDGF with the shift from around 3 ng to 0.2 ng. 
To the contrary, R-SGF could not elicit DNA 
synthesis at all on mortal cells even at the amount 
of about 4ng, more than 100 times higher than 
that needed for immortal cells (around 0.04 ng), 
although it showed considerably higher mitogenic 
activity, next to bFGF, on immortal cells. From 
these results, it is suggested that R-SGF is a novel 
growth factor exclusively active to immortalized 
cells. 


DISCUSSION 


Previously we have reported that rat serum 
contains a certain heparin-binding growth factor 
which is highly active on BALB/c 3T3 cells, but 
not on normal human fetal fibroblasts, TIG-1 cells 
[41]. We also found that the factor exists in mouse 
serum besides rat serum, though in less contents, 
but completely does not in human serum, FBS and 
CS [41]. These features of being mitogenic on 
BALB/c 3T3 cells but not on TIG-1 cells, and 
present only in rat and mouse sera gave us a 
suggestion that this factor might be a novel growth 
factor, because well-known heparin-binding 
growth factors such as PDGF, aFGF and bFGF are 
commonly present irrespective of species and 
stimulate DNA synthesis on normal human fibrob- 
lasts as well as on BALB/c 3T3 cells [17, 34]. In 
addition, through studying age-related changes in 
its serum level for male rats, we have discovered 
that the factor is derived from platelets and that its 
mitogenic activity is high both in rats of 1 month 
old and in rats older than 12 months with an 
increase toward old age (24 months old) [42]. 
These findings suggested that the factor plays a 
certain important role during rat’s life: both in 
early development and in some incidents that 
occur in old stages, such as wound healing or 
cancer forming promotion. 

In the present paper, we purified the factor, 
R-SGF, and made a physicochemical characteriza- 


tion of the material. R-SGF was purified by 4 steps 
of chromatography; heparin-affinity chromatogra- 
phy, heparin affinity HPLC, ion-exchange chroma- 
tography and hydrophobic interaction chroma- 
tography. Purified R-SGF was shown as a single 
band on a SDS-plate in the position corresponding 
to 32 kDa (Fig. 4). Since the factor was susceptible 
to SDS (data not shown), the molecular weight of 
32 kDa was further analyzed by gel filtration. It 
was confirmed when we obtained a single peak of 
activity at the position of around 32-37 kDa from 
the G2000SW column (Fig. 5). 

There have been lots of reports on various kinds 
of growth factors, and the major ones of them can 
be grouped into five superfamilies based on nuc- 
leotide and amino acid sequence homology; 
PDGF, FGFs, EGF, IGF, transforming growth 
factor-8 (TGF-f) [1, 7, 13, 20, 36, 37]. Among 
them PDGF and TGF-f are comparable to R-SGF 
on the grounds that the three are platelet-derived 
and have similar molecular weight (PDGF, 30 
kDa; TGF-8, 25kDa) [7, 13]. However both 
PDGF and TGF-f are heat and acid stable [14, 
23], whereas R-SGF was highly susceptible to heat 
and acid treatments as shown in Table 1. Based on 
molecular weight, R-SGF is not likely to be EGF 
(0.6kDa), IGF (0.7kDa), aFGF (16kDa) nor 
bFGF (16kDa) [1, 20, 36, 37]. A few growth 
factors regarded as FGF families have been recent- 
ly identified [5, 11], but they have not been well 
studied about their characteristics. 
More studies are needed to compare R-SGF with 
FGF family members. Recently interesting hepar- 
in-binding growth factors have been reported, 
hepatocyte growth factor (HGF) [28], heparin- 
binding EGF-like growth factor (HB-EGF) [18] 
and heparin-binding glia-activating factors (HB- 
GAGs) [30], but they are different from ours on 
the grounds that HGF (85 kDa) has very little 
activity on BALB/c 3T3 cells (unpublished data), 
HB-EGF is heat and acid stable [18] and HB- 
GAGs are considerably stable to acid treatment 
[30]. Since R-SGF was found in serum, we could 
assume that it is a kind of cytokines. Only a few 
cytokines, interleukin-1 (IL-1), interleukin-6 (IL- 
6), and tumor necrosis factor a (TNF-a) have been 
reported to be mitogenic on 3T3 cells [19, 39, 40], 
and the molecular weights of them are all different 


individual 
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from R-SGF’s : IL-1 (12-20 kDa), IL-6(21 kDa), 
TNF (17 kDa) [2, 19, 27]. These findings verified 
that R-SGF is a novel growth factor different from 
hitherto structurally investigated growth factors. 
In order to clarify the meaning of the previous 
finding that the factor showed different mitogenic 
properties between on 3T3 cells and on TIG cells, 
we used two kinds of cells which were in different 
stages of cell immortalization: 7 PDL cells (mortal) 
and 51 PDL cells (mmortal). The result shown in 
Fig. 6 demonstrated that the sensitiveness of cells 
to the well-known and common growth factors 
generally increased when cells became immortal- 
ized after going through crisis. Although it has 
been well known that transformed malignant cells 
have less dependency on serum or growth factors 
because of their ability to produce autocrine fac- 
tor(s) [9, 35], there have been almost no reports on 
a shift in cell sensitivity to growth factors as a result 
of cell immortalization, except a few reports on the 
shift in the responses to serum and some hormones 
[4, 24]. This report is probably the first ex- 
perimental one exhibiting a change in dose- 
dependent curves of cell responses to the well- 
known growth factors caused by cell immortaliza- 
tion. As Denhardt et al. have demonstrated, it 
might be the case that the establishment of perma- 
nent cell lines from primary embryo cells in serum- 
containing medium reflects the selection of a 
variant subpopulation of non-preexisting cells [12]. 
More definite studies are required to clarify the 
shift in cell responses caused by immortalization. 
R-SGF, however, exhibited a completely diffe- 
rent feature from that of those factors mentioned 
above (Fig. 6). The results indicated that R-SGF is 
a growth factor which stimulates DNA synthesis 
only when cells get immortalized and can not 
stimulate that of cells still in mortal state. This 
unique property of being mitogenic exclusively on 
immortal cells accounts for the findings in our 
previous paper [41]. There have been very few 
reports on growth factors having the similar fea- 
ture of being exclusively active to immortalized 
cells. Still Narita has reported that cells spon- 
taneously immortalized from primary liver cells 
react to a certain autocrine growth factor(s) from 
the cells, whereas the primary cells do not [29]. 
The autocrine factor might be a similar kind of one 


to ours. The presence of these factors could 
provide a possibility that cells in a specific phase of 
cellular malignant transformation (normal, immor- 
talized, transformed and metastatic cell phases) 
require a certain factor(s) specific to the stage. 
Actually, recent studies seem to support the idea: 
during malignant transformation, specific growth 
factors are produced [31, 38], receptors of some 
growth factors are changed [3, 10, 16] and cell 
responses to certain factors are changed [6, 26, 32, 
33]. R-SGF might be able to offer a great help to 
studying the cell transformation mechanism. 

Since R-SGF exists in sera from normal rats as 
well as animals with cancer tissues, there is possi- 
bility that the factor affects a certain specific 
type(s) of normal cells in vivo. We are now trying 
to identify the amino acid sequence of R-SGF and 
planning to clarify its physiological roles in vitro 
and in vivo. 
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Genetic Variability of the Wing-Form Response to Photoperiod 
in a Subtropical Population of the Ground Cricket, 
Dianemobius fascipes 


Toru SHIMIZU and SINZO MASAKI 


Laboratory of Entomology, Faculty of Agriculture, 
Hirosaki University, Hirosaki 036, Japan 


ABSTRACT— Dianemobius fascipes is wing dimorphic, and its frequency of macroptery is controlled 
by photoperiod, temperature and larval density. In a local population of this cricket originated from 
Ishigaki Island (24°N, Japan), the genetic variability of the photoperiodic wing-form determination was 
assessed by examining 24 full-sib families. The percentage macroptery was highly variable among them, 
and its maximum occurring at 13 hr light/day (28°C, crowded) ranged from 15 to 95%. Although the 
basic pattern of the photoperiodic response was unchanged, the critical photoperiod was variable and 
inversely correlated with the general level of percentage macroptery. The heritability of the percentage 
macroptery was 0.7 in long days (= 13 hr light/day) but decreased to 0.3 in a short day of 11.5 hr, and 
that of the critical photoperiod was 0.36. In several mass-selected lines, the negative correlation 
between the critical photoperiod and the general level of percentage macroptery was confirmed. 
Selection for long-winged adults shortened the critical photoperiod and, conversely, selection for a 
short critical photoperiod increased the incidence of long-winged adults. The differences in the level of 
macropterism between the selected strains persisted in the responses to rearing density and tempera- 
ture, but the response patterns to such non-photoperiodic cues were not modified by the selection. 
Thus, this local population holds a large amount of genetic variation in the liability to be macropterous, 
and the critical photoperiod varies in association with the genetic change in this liability, probably 
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without any genetic shift of the threshold for the photoperiodic time measurement. 


INTRODUCTION 


In many wing-dimorphic insects, the wing form 
is determined by environmental and/or genetic 
factors. Environmental factors such as rearing 
density, photoperiod, temperature and food affect 
the wing form, and most wing-dimorphic insects 
are sensitive to more than one of these factors [6]. 
The genetic background of wing-form determina- 
tion has been analyzed by selection and crossing 
experiments or comparison of geographic strains 
[20]. In many. cases, polygenic systems are in- 
volved and the genetic mechanism may be compli- 
cated and diversified. Sex chromosomal and auto- 
somal genes in crickets [14, 26], and major and 
modifier genes in hemipterans [7, 27] affect the 
ratio of the different wing forms. The complicated 
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genetic modes are not unpredictable, because the 
wing form may be controlled by various environ- 
mental cues and each of the component responses 
to such cues is not a simple physiological process. 
For example, the photoperiodic response alone 
would consist of many physiological processes con- 
trolled by different genes [23]. In Acronycta 
rumicis [1], Drosophila triauraria [9] and Chy- 
momyza costata [19], crossing experiments be- 
tween local strains show the involvement of multi- 
ple loci in the photoperiodic response controlling 
diapause. This complexity might be the major 
difficulty to analyze the interaction between the 
genetic and environmental effects in the wing-form 
determination. In a few species such as Nilaparva- 
ta lugens [8], Laodelphax striatellus [16] and 
Cavelerius saccharivorus [4], however, the genetic 
control of the wing-form responses to rearing 
density has been studied. 
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(24°N, Japan) shows a high genetic variability in 
the macropter/micropter ratio [14], but we had no 
information about its variability in the wing-form 
responses to environmental factors. We studied 
interactions between the genotype and environ- 
mental factors, particularly photoperiod, in this 
local population by using full-sib families and 
mass-selected lines. Based on the results obtained, 
we propose to view photoperiodic clines widely 
occurring in insects as a means of latitudinal 
adaptation without assuming genetic variation in 
the photoperiodic time measurement. 


MATERIALS AND METHODS 


In Dianemobius (formerly Pteronemobius) fas- 
cipes, the wing form (macropterous or micropter- 
ous) is affected by environmental [13], geographic 
[15] and genetic [14] factors. This species is widely 
distributed in Southeast Asia, and subtropical 
strains generally show higher levels of macroptery 
than tropical strains under suitable conditions for 
wing development. Crowding, long day and high 
temperature enhance macroptery. 

We assessed the genetic variation and heritabil- 
ity of the photoperiodic wing-form determination 
by isolating cricket families. More than 100 males 
and females, collected in the subtropical island of 
Ishigaki (24°N, Japan) in November 1991, were 
allowed to mate at random. When their progeny 
reached the last larval instar, 24 male-female pairs 
were randomly chosen to establish full-sib families. 
About 100 larvae (the first generation) from each 
pair were reared in a long day of 14 hr light/day 
and the wing form was determined on adult emerg- 
ence. In the following generations, 24 families 
were maintained by inbreeding of more than 20 
pairs within each family. The photoperiodic re- 
sponse of each family was determined over ranges 
of 11-14 hr and 11.5-13.5 hr photophases with 30 
minutes increments in the 2nd and 3rd genera- 
tions, respectively. About 100 larvae were reared 


in a jar at each photoperiod. Twenty-four families 


were reared at the same time in each generation. 
The parents producing the 3rd generation were 
chosen from individuals reared in various photo- 
periods of 11-14 hr. Therefore, the photoperiodic 
conditions for parents were different between the 


2nd and 3rd generations. However, we confirmed 
that the parental photoperiod did not affect the 
wing form of their offspring (unpublished observa- 
tions). 

We also determined the photoperiodic wing- 
form responses of three mass-selected lines. A 
laboratory stock culture was established with indi- 
viduals collected in Ishigaki Island in February 
1984, and have been maintained through a particu- 
lar scheme of wing-form selection [14]. In this 
culture, the responsiveness to photoperiod was 
maintained by selecting micropterous adults in a 
short day of 12 hr and macropterous adults in a 
long day of 13 hr in alternate generations. After 
about 10 generations, the three lines designated as 
control (C), long-winged (L) and short-winged (S) 
lines were isolated. In the C line, the same 
selection scheme as that for the stock culture [14] 
was maintained. The original pattern and level of 
the photoperiodic response were well conserved in 
this line. In the L line, macropterous adults were 
selected under the short day, and in the S line, 
micropterous adults under the long day. The 
selection schemes for the C, L and S lines are 
shown in Fig. 1A in relation to the photoperiodic 
response curve of the original population. To 
confirm the involvement of a sex-linked gene(s) 
[14], we determined the photoperiodic responses 
of reciprocal hybrids between the L and S lines and 
4 kinds of backcrosses. 

We also attempted to select 3 lines with different 
critical photoperiods, shorter (@s) or longer (61) 
than that in the original population, from the C 
and L lines. They were designated as 6s (C), 41 
(C) and @s (L) lines. The @s (C) and 61 (C) lines 
were isolated from the 19th generation of the C 
line, and the @s (L) line was separated from the 
20th generation of the L line. In the 6s (C) and @s 
(L) lines, selection for microptery at LD11:13 hr 
(11 hr light: 13 hr dark) and that for macroptery at 
LD12:12 hr were alternated in successive genera- 
tions to obtain a shorter critical photoperiod be- 
tween 11 and 12hr. The 61 (C) line was selected 
for microptery at LD13:11 hr and for macroptery 
at LD14:10 hr in alternate generations to obtain a 
longer critical photoperiod between 13 and 14 hr. 
In each generation of each line, more than 100 
larvae were reared, and more than 10 pairs of 
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Fic. 1. Scheme of selection for control (C), long- 
winged (L), short-winged (S), short critical- 
photoperiod (@s) and long critical-photoperiod (61) 
lines. The C, L and S lines were isolated from a 
laboratory culture derived from individuals collected 
in Ishigaki Island (24°N, Japan). The 6s (L) line was 
separated from the L line, and the @s (C) and 61 (C) 
lines from the C line. The arrows show the direction 
of selection at the photoperiods indicated by the 
horizontal axis. Upward arrows show selection for 
macroptery and downward ones selection for mic- 
roptery. In the C, @s and 6] lines, the direction of 
selection and photoperiod were alternated from one 
generation to the next as indicated. The curve in A 
represents the response of the unselected original 
population [13]. The curves in B represent the 
responses of the L and C lines determined in this 
study (see Fig. 7). For further explanation see text. 


randomly chosen adults produced the next genera- 
tion. Selection schemes are summarized in Fig. 
1B. Photoperiodic response curves were deter- 
mined in the 8th and 14th generations of the @s (C) 
line and the 6th and 12th generations of the @s (L) 
line but not in the 41 (C) because the selection was 
ineffective. 

In the standard rearing conditions, from 110 to 
120 hatchlings were introduced into a 2-litre glass 
jar. The bottom of each jar was covered with dry 
sand, and 4 corrugated sheets of filter paper (dia- 
meter 11 cm) were piled up to increase the avail- 
able surface. Dry insect feed (Oriental Yeast 
Industry, Tokyo) was provided ad libitum and 
sliced carrot at several-day intervals. Water was 
supplied in a vial with a cotton-wool plug. The jars 
were placed in wooden cabinets at 28+1°C, and 
photoperiods were provided by 6 W fluorescent 
tubes regulated by timers. For rearings at lower 
densities, small plastic boxes (10.57.56 cm 
height) each containing a corrugated sheet of filter 


paper of 9cm diameter were used. Other condi- 
tions were similar to those for the rearing with the 
glass jar. 


RESULTS 


Variation in photoperiodic response among 24 full- 
sib families 

The photoperiodic response curves of the 24 
full-sib families in the 2nd and 3rd generations are 
shown in Fig. 2. Under short days (<12 hr), the 
percentage macroptery was lower than 10% in all 
families but highly variable among families in long 
days (=13 hr), ranging from 15 to 95% in both 
generations. The response patterns to photo- 
period were similar among the families. The 
maximum incidence of macroptery occurred at 
LD13:11 hr, and the percentages of macroptery in 
different photoperiods were genetically correlated 
(Fig. 3). The critical photoperiod, defined here as 
the photoperiod at which the percentage macrop- 
tery is the midpoint between the upper and lower 
saturation levels, varied between 12 and 13 hr. 
The critical photoperiod and the percentage mac- 
roptery in long days (=the upper saturation level) 
seems to be genetically correlated (Fig. 4), 
although the correlation was significant only in the 
2nd generation. When the two generations were 
pooled, the correlation was significant, and the 
higher the saturation level of macroptery, the 
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Fic. 2. Photoperiodic responses of 24 full-sib families of 


D. fascipes in the 2nd and 3rd laboratory genera- 
tions under 28+1°C and crowded conditions. The 
percentage macroptery in each family at each photo- 
period was based on 70-110 adults. Circles indicate 
the critical photoperiod defined as the midpoint 
photoperiod between the upper and lower satura- 
tion levels of the percentage macroptery. 
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LD13:11hr 
Y =0.9 X +39.3, r= 0.61*** 
e 


Arcsin ¥ % macroptery 


Arcsin V % macroptery in LD12:12hr 


Fic. 3. Correlation between the percentages of macrop- 
tery in two different photoperiods among 24 full-sib 
families. Y is the percentage macroptery in the 
photoperiod indicated above the regression equa- 
tion. Data for the 2nd and 3rd generations are 
pooled. *** Significant at P<0.001. 


Macroptery (%) 


12 12.5 13 
Critical photoperiod (hr) 


Fic. 4. Genetic correlation between the percentage 
macroptery in 13.5 hr photophase and the critical 
photoperiod in the 2nd (open circles) and 3rd 
(closed circles) generations of 24 full-sib families. 
The regression is significant in F2 (P<0.01) and 
pooled (P<0.05) generations but not in F3 (P> 
0.05). 


A Macroptery (%) in L13.5hr B Critical photoperiod (hr) 


Fic. 5. Heritability estimates (h7=b) of the percentage 
macroptery in a 13.5hr photophase (A) and the 
critical photoperiod (B) derived from the 2nd and 
3rd generations in 24 full-sib families. The hollow 
circle in B is excluded in computing the regression. 
*** Significant at P<0.001, * P<0.05. 


shorter was the critical photoperiod. 

The heritability of macroptery is determined 
from the regression of the 3rd generation on the 
2nd generation by computing the coefficient [3]. 
Fig. 5A shows the offspring-parent regression for 
the percentage macroptery in LD13.5:10.5 hr. As 
in other wing dimorphic insects [20], this ground 
cricket showed a large phenotypic variation in the 
percentage macroptery, but the heritability was 
high (0.7) in long days (=13 hr) and decreased 
with shortening photoperiod (Fig. 6). 


Heritability estimate 


We 12 Wp iW Wwe 14 
Photophase (hr) 


Fic. 6. Heritability estimates of percentage macroptery 
in different photoperiods in 24 full-sib families. 
Heritabilities in 11.5-13.5 hr photophases are de- 
rived from the 2nd and 3rd generation data and in 14 
hr photophase from the Ist and 2nd generation data. 


Fig. 5B shows the correlation in the critical 
photoperiod between the two generations. The 
heritability estimate was 0.20, but if only one 
family largely deviating from the general trend was 
excluded, the correlation between the two genera- 
tions was significant and the heritability estimate 
was 0.36. The large deviation from the regression 
might be due to the limited number of tested 
photoperiods for determining the response curve. 
Fluctuations in the percentage macroptery near 
the critical photoperiod considerably affected the 
estimation of the critical photoperiod (see Fig. 2). 

The total variance in the frequency of macrop- 
tery in the isolated families is analyzed in Table 1 
using the data at 11.5 to 13.5 hr photoperiods 
available for both generations. The interactions 
between family and photoperiod, generation and 
photoperiod, and family and generation were all 
statistically significant. However, these interaction 
components of the variance were very small com- 
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Variance analysis of the percentage macroptery (arcsine transformed) in the 


2nd and 3rd generations of the 24 full-sib families reared under 11.5-13.5 hr 
photophases (see Fig. 2) For further explanation see text. 


Source SS df MS F P 
Family 23394 23 1017 33.30 OK 
Photoperiod 90785 4 22696 743.14 HR 
Generation 444 1 444 14.54 KK 
Fam. X Phot. 7465 92 81 2.66 ee 
Fam. Xx Gen. 1774 23 VY 2.53 oe 
Phot. x Gen. 399 4 100 3.27 * 
Residual (FX P XG) 2810 92 31 


* P<0.05; *** P<0.001 


pared with the photoperiod and family compo- 
nents. The large portion of the variance is due to 
photoperiod and family components, and the latter 
represents the genetic variation in the liability to 
be long (or short) winged. We can not explain the 
significant difference between the two generations. 
It might be due to slight uncontrollable differences 
in rearing conditions or genetic drift. 


Photoperiodic responses in the mass-selected lines 


Fig. 7 shows the responses of the L, S and C 
lines to 13 different photoperiods including DD 
(continuous darkness) and LL (continuous light). 
The frequency of macropterous forms was consis- 
tently different among the three lines over the 
whole range of photoperiods, i.e., the percentages 
of macroptery in different photoperiods are geneti- 
cally correlated. Despite the large difference in 


L line (18,20th gen.) 


NV ee. 


C line (19,20th gen.) 


100 


Macroptery (%) 


S line (21,23rd gen.) 
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12 
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Fic. 7. 
lines under 28+1°C and crowded conditions. 


Photoperiodic response curves of the C, LandS 
The 


data for the photophases shorter than 11 hr and for 
those longer than 10 hr were obtained in different 
generations as indicated for each line. 


the general level of macroptery among the three 
lines, their response patterns were similar. The 
percentage macroptery was the highest at LD13: 
11 hr and lowered sharply with decreasing photo- 
phase and reached the minimum level at LD11 : 13 
hr. This low level was maintained to LD7:17 hr 
but gradually increased again toward DD. In the 
range of photophases longer than 13 hr, the per- 
centage macroptery was slightly diminished but the 
high saturation level was more or less maintained 
from LD14:10hr to LL. Thus the selection re- 
markably modified the level of macroptery but the 
basic pattern of the photoperiodic response curve 
was little changed. 


Photoperiodic responses in hybrids 


The photoperiodic responses of reciprocal hyb- 
rids between the L and S lines and their backcros- 
ses were intermediate between the parental lines 
(Fig. 8). The characteristics of the response with a 
maximum macroptery at LD13:11 hr and the cri- 
tical photoperiod between 11 and 13 hr were re- 
tained in all hybrids and backcrosses. The recip- 
rocal crosses (LxS vs. SxL) and reciprocal back- 
crosses (LxSL vs. SLxL or SxLS vs. LSxS) gave 
males differing in the incidence of macroptery, but 
the females were little affected by the reversed 
combinations of the parent lines. In this cricket 
the male is heterogametic (XO) and the female is 
homogametic (XX) [17]. The sexual difference as 
stated above, therefore, indicates that a certain 
locus (or loci) on the sex chromosome is at least 
partly involved in determining the incidence of 
macroptery. 
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Fic. 8. The photoperiodic responses of reciprocal hyb- 
rids (left) between the long-winged (L) and short- 
winged (S) lines and the reciprocal backcrosses 
(right). Females are indicated first and the genera- 
tion number for each selection line is given. More 
than 330 adults are involved in each datum point. 
The results with the male and female progenies are 
separately given to show the sex-linked effect. 


The amplitudes of the photoperiodic response 
curves were larger in the hybrids than in either 
parent. In their percentages of macroptery, the 
hybrids were closer to the L line at LD13:11 hr 
and to the S line at LD11:13 hr. 


Selection for critical photoperiod 


The time courses of selection for the critical 
photoperiod are shown in Fig.9. Although the 
percentage macroptery fluctuated from generation 
to generation, the difference in percentage mac- 
roptery between the two photoperiods, one longer 
and the other shorter than the selection goal of 
critical photoperiod, did not increase at all in the 
As (L) and 61 (C) lines. In the latter, the incidence 
of long-winged adults clearly decreased in both 13 
hr and 14 hr photophases probably in response to 
the selection for short-winged adults in LD13:11 
hr. The selection for long-winged adults in LD14: 
10 hr could not counteract this effect and failed to 
shift the -critical photoperiod. The parallel de- 
creases in percentage macroptery at LD12:12 hr 
and LD11:13hr in the @s (L) line might be 
similarly due to selection for microptery at LD11: 
13 hr. On the other hand, a shorter shift of the 
critical photoperiod seemed to have occurred in 
the 6s (C) line, for the difference in percentage 
macroptery between LD11:13 hr and LD12:12 hr 


100 @s(L) line 
LD12:12hr 
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Fic.9. Time courses of selection for  critical- 


photoperiod in the 6s(L), @s (C) and @1(C) lines. In 
each generation, the percentage macroptery was 
determined in two photophases just below (closed 
circles) and above (open circles) the selection-goal 
critical photophase. The dotted lines show regres- 
sion across generations. The regression is significant 
(P<0.05) in the @s (C) and 41 (C) lines, but not in 
the @s (L) line. In the @s (C) line, the regression 
lines for LD12:12 and 11:13 hr were not parallel (F 
=6.08, P<0.05 in the test for parallelism). More 
than 100 adults are included in each datum point. 


increased across 12 successive generations (Fig. 9, 
middle). 

Fig. 10 compares the photoperiodic response 
curves of the 6s (C), @s (L), C and L lines in the 
indicated generations. If the critical photoperiod 1s 
defined as the photoperiod at which the percentage 
macroptery is the midpoint between the upper and 
lower saturation levels, the critical photoperiods of 
the 6s (C), @s (L) and L lines are about 1 hr 
shorter than that of the C line. The genetic 
correlation between the incidence of macroptery 
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Fic. 10. Photoperiodic responses in the @s (L), 6s (C) 
and 64] (C) lines (see also Fig. 1 [B]). The numbers 
following the line codes indicate the generations. 
More than 300 adults are included in each datum 
point. 
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and the critical photoperiod (Figs. 2 and 4) was 
again clearly shown in these results. The shorten- 
ing of the critical photoperiod was associated with 
an increase in the incidence of macroptery in the 
@s (C) line, and the increased incidence of macrop- 
tery with a decrease in the critical photoperiod in 
the L line. 


Responses to rearing density and temperature 


We tested the wing-form responses to rearing 
density in the L, S and C lines after more than 20 
generations of selection (Fig. 11). Except for the S 
line, the effect of crowding on enhancing macrop- 
tery was obvious. Although the saturation levels 
were different, the response patterns to density in 
the C and L lines were similar. The C line at 
LD13:11 hr and the L line at LD10: 14 hr showed 
similar saturation levels and similar threshold de- 
nsities for inducing macroptery. 
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Fic. 11. Responses to rearing density in the C, L and S 
lines under LD10:14 and 13:11hr at 28+1°C. 
Each line code is followed by the tested generation 
and photoperiod. More than 90 adults emerged at 
each density. The larvae were reared in plastic cases 
(10.5x7.5x6cm height) at low densities (<50 
crickets/case) or cylindrical glass jars (2-litre capac- 
ity) at higher densities (>40/jar). 


The responses to temperature of the three selec- 
tion lines are given in Fig. 12. The percentage 
macroptery was the highest at 27-28°C in all lines 
and thus their response patterns were similar. This 
indicates that the major difference in the percen- 
tage macroptery observed in the photoperiodic 
and density responses at 28°C among the selection 
lines were not due to any variation in the tempera- 
ture threshold for inducing macroptery. 
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Fic. 12. Responses to temperature of the C, L and S 
lines under LD13:11 hr and crowded conditions. 
The numbers following the line codes show the 
generations. More than 320 adults emerged at each 
temperature in each line. 


The results of these two series of experiments 
show that our scheme of wing-form selection did 
not shift either the thermal or the density threshold 
for macropterism. The established change in the 
incidence of macroptery should therefore be 
ascribed to a change in the liability to be mac- 
ropterous. 


DISCUSSION 


Selection for a particular wing form under cer- 
tain environmental conditions may give entirely 
different evolutionary consequences depending on 
the nature of genetic variability in the starting 
population. Iwanaga et al. [8] established lines of 
the planthopper Nilaparvata lugens with high and 
low incidences of the brachypterous form after 12- 
16 generations of selection. These lines were 
different mainly in the general level of brachyp- 
tery, but not in the response pattern and the 
response threshold of density. On the other hand, 
Fujisaki [4] reported that, in the bug Cavelerius 
saccharivorus, offspring of different wing forms 
showed different patterns of the response to rear- 
ing density with peaks of brachypter occurrence at 
different rearing densities. In this case, the origin- 
al population had a genetic variation in the norm 
of response to density. Dianemobius fascipes is 
similar to Nilaparvata lugens in the response to 
wing-form selection. The differences in the mac- 
ropter frequency among the selected lines or iso- 
lated families are not primarily due to the genetic 
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variation in the threshold photoperiod, density or 
temperature (Figs. 7, 11, 12), but to the genetic 
variation in the liability to macroptery (or microp- 
tery). 

In the Ishigaki population of Dianemobius fas- 
cipes, macropter frequencies under different 
photoperiodic conditions were genetically corre- 
lated. The large genetic variation in the response 
level may be partly due to this genetic correlation. 
Via and Lande [25] inferred that if expressions of a 
trait under different conditions are genetically 
highly correlated, the genetic variation in this trait 
is maintained or increased. Several factors such as 
mutation, super dominance, frequency-dependent 
selection, diversifying selection, heterogeneity and 
fluctuation in habitat conditions, etc. might also be 
responsible for maintaining or increasing the gene- 
tic variation in the wing-form liability [20, 21]. 

The photoperiodic response of an insect species 
tends to vary among local populations, and the 
critical photoperiod is usually correlated with lati- 
tude [1, 2, 10]. At least in some species such as 
Acronycta rumicis [1], Drosophila triauraria [9] or 
Chymomyza costata [19], crossing experiments be- 
tween local strains show the involvement of multi- 
ple loci in the genetic control of photoperiodic 
response. Photoperiodic response may vary even 
within a local population and artificial selection 
effectively modifies the incidence of diapause [5, 
22] or wing form [20] controlled by photoperiodic 
responses. However, artificial selection leading to 
variation in the most important parameter in the 
photoperiodic response, the critical photoperiod, 
has been reported only in a low-diapause labora- 
tory stock of Papilio zelicaon [24]. 

We found the intra-population genetic variation 
of critical photoperiod in the Ishigaki population 
of Dianemobius fascipes. However, the critical 
photoperiod correlated with the response level. 
This can be clearly seen by plotting all the photo- 
periodic response curves obtained in this study 
(Fig. 13). They form a graded series with similar 
basic patterns, and the critical photoperiod shows 
a continuous variation within a narrow but ecologi- 
cally important range of 11-13 hr. The higher the 
general level of macroptery, the shorter the critical 
photoperiod. This correlation already described 
for isolated families (Figs. 2 and 4) can be ex- 


O mass selection @ isolated families 
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Fic. 13. All photoperiodic response curves obtained in 
this study are plotted to show the correlation (r= 
0.74, P<0.001) between the response level and 
critical photoperiod. The data for 24 full-sib families 
are replotted (closed circles). Open circles repre- 
sent mass selected lines including the C, L, S, @s 
(L), 4s (C), 41 (C) lines and hybrids between the L 
and S lines. The critical photoperiod (open and 
closed circles) is defined as the photoperiod at which 
the percentage macroptery is the midpoint between 
the upper and lower saturation levels. 


tended further by the results of mass selection. 
Thus, the critical photoperiod defined as the mid- 
point photoperiod between the upper and lower 
saturation levels of macroptery changed with the 
overall frequency of macroptery. 

The stability of the photoperiodic response pat- 
tern and the variability of the critical photoperiod 
may give an interesting view of photoperiodic 
adaptation in insects. The critical photoperiod can 
be changed without variation in the photoperiodic 
time-measuring system. We hypothesize that the 
stability in the pattern of photoperiodic response is 
due to the genetic stability of the photoperiodic 
time-measuring system and that the observed shift 
of critical photoperiod is a result of change in the 
response level. 

This hypothesis may be depicted by a threshold 
response model (Fig. 14). In this diagram, the 
photoperiodic time-measurement is kept un- 
changed, but the photoperiodically induced 
change in the liability is expressed by shifting the 
threshold lines along the liability axis. The varia- 
tions in the photoperiodic response curve and 
critical photoperiod are thus envisaged from the 
genetic change in the liability distribution (Fig. 14, 
right). However, the physiological reality of the 
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Fic. 14. Threshold response model [3] as adapted to 
interpret the variation in the photoperiodic wing- 
form determination of D. fascipes. The normally 
distributed liability for macroptery is genetically and 
environmentally determined. This may not neces- 
sarily be a single variable such as juvenile hormone 
titer; it can be a complex of different variables. The 
threshold divides the population into the two wing 
forms. If the liability of an individual is higher than 
the threshold, it becomes micropterous, and if low- 
er, macropterous. In this model the photoperiodic 
time-measurement is assumed to be fixed and the 
photoperiodically induced change in the liability is 
expressed by shifting the threshold lines for different 
photoperiods. Populations A, B and C are different 
in the mean liability but the variance is fixed. B and 
B’ are different in variance with the same mean. 
These liability distributions in relation to the 
threshold give photoperiodic responses as shown in 
the right panel. In alphabetical order, the overall 
level of percentage macroptery becomes lower, and 
the critical photoperiod becomes longer. 


liability and threshold for the wing-form deter- 
mination is yet to be elucidated. 

Pittendrigh and Takamura [18] made a similar 
assumption in discussing the geographic adapta- 
tion in photoperiodism and circadian rhythm of 
Drosophila auraria. There is a clear correspond- 
ence between Dianemobius and Drosophila: the 
critical photoperiod varies with the photoperiodic 
response level. A similar trend of variation in the 
critical photoperiod was pointed out also by Saun- 
ders [23] in discussing the temperature effects on 
photoperiodic responses. Thus, these findings 
provide a new angle to view photoperiodic re- 
sponse curves in insects. The slope of the curve 
around the critical photoperiod may present the 
cumulative distribution of individual liabilities 


rather than individual threshold photoperiods (cf. 


[13, 22]). 

The genetic correlation between the level of 
macropterism and the critical photoperiod within 
the ecologically significant range may influence the 
response to natural selection acting on either of 
these two parameters of adaptive significance. 
Selection for macroptery would change the critical 
photoperiod, and vice versa so that the selective 
response would be constrained by each other 
under certain circumstances. In northern Japan 
(>28°N), Dianemobius nigrofasciatus, a close re- 
lative of Dianemobius fascipes, occurs. The mode 
of its geographic variation in the photoperiodic 
wing-form determination seems to be similar to the 
intra-population variation of the Ishigaki strain of 
D. fascipes, although the critical photoperiod is 
longer than that in D. fascipes. D. nigrofasciatus 
maintains similar patterns of the wing-form re- 
sponse to photoperiod within its distribution range 
(28-44°N in Japan) despite a large variation in the 
general level of macroptery [11]. 

However, D. nigrofasciatus shows a clear geog- 
raphic variation in the pattern of larval develop- 
ment response to photoperiod, the retarding effect 
being exerted by long days in the north but by 
intermediate days in the south [11]. A similar 
geographic variation in response pattern is also 
reported for the photoperiodic wing-form deter- 
mination in Dianemobius mikado [12]. In these 
cases, the variation in response pattern is not 
associated with variation in responsiveness. 
Therefore, shifting distribution of liability is not 
the only way in which the photoperiodic response 
of insects can be modified under changing selection 
pressures. It is important to distinguish between 
the two different categories of genetic variation in 
understanding the evolution of photoperiodism in 
insects. 
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ABSTRACT—Naked developing zygotes of the medaka (Oryzias latipes) were easily obtained by 
cutting off part of the chorion of the vegetal pole area with scissors. A key point for this technique was 
the use of just-ovulated eggs before hardening of the chorion. When unfertilized eggs were inseminated 
after partial dechorionation, one spermatozoon penetrated and triggered the exocytosis of cortical 
alveoli at the animal pole. In these eggs, supernumerary spermatozoa also penetrated and transformed 
into pronuclei in the cortical cytoplasm of the vegetal pole region where the chorion was absent. The 
polyspermic egg proper spontaneously exited the chorion into sterile saline through the opening made 
by the cut. Most of these naked eggs developed normally, since the male pronuclei in the vegetal pole 
region did not contribute to syngamy. Dechorionated eggs with no surplus spermatozoa were obtained 
by inseminating eggs, rinsing them briefly in 10" *% SDS to kill sperm in the medium, and removing the 
vegetal pole region of the chorion when the fertilized egg had begun to undergo cortical exocytosis at 
the animal pole; such eggs also became spontaneously naked in saline. Denuded embryos developed 
normally to fry in sterile saline supplemented with 4 «g/ml gentamicin and 6% polyethylene glycol (M, 
1,540). Surgically operated embryos also developed to fry in the same medium. The present 
convenient technique for dechorionation and incubation of denuded eggs seems to be suitable for 


experimental embryology in the medaka. 


INTRODUCTION 


In teleostean fishes, the embryos develop in the 
perivitelline fluid within a thick, tough egg mem- 
brane, the chorion [cf. 1]. The chorion, with its 
various elaborate ornamentations provides (1) a 
block to pathological polyspermy; (2) protection 
from bacteria, some harmful substances and 
mechanical shocks; and (3) a means of attaching 
the fragile developing embryos to aquatic vegeta- 
tion. The chorion is digested by a hatching enzyme 
released by the prehatching embryo. 

Various surgical operations on embryos are 
sometimes necessary when analysing the mechan- 
isms of fish development [9-11]. In teleostean 
embryos, such microsurgical operations require 
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removal of the chorion. However, the chorion of 
the medaka egg becomes so hard after fertilization 
that it cannot be penetrated with a fine glass needle 
or micropipette. Moreover, because denuded 
embryos are susceptible to direct invasion by bac- 
teria in the external medium, a sterile medium that 
will support normal embryonic development must 
be provided that will both substitute for the cho- 
rion and the perivitelline fluid, which may provide 
nutrients. 

Dechorionation of medaka eggs has been per- 
formed by digestion with the hatching enzyme or 
with commercial proteolytic enzymes [12, 13]. The 
enzymatic removal of the chorion is accompanied 
by numerous difficulties, including the tedious 
preparation of hatching enzyme from prehatching 
embryos, control of digestion time, mechanical 
manipulation to remove the undigested outermost 
layer of the chorion, and the effects of the enzy- 
matic treatment on the embryos to be used for 
experiments. In a preliminary study, we tried to 


946 T. Iwamatsu, R. A. FLucK AND T. Mort 


establish a convenient method for removal of the 
chorion during fertilization [6]. 

The present paper introduces a convenient tech- 
nique to mechanically denude medaka embryos 
without the use of any chemicals. This technique is 
applicable for all investigators, provided the ovula- 
tion time of the fish can be controlled by artificial 
circadian illumination. Embryos denuded by this 
technique normally developed to fry in sterile 
saline supplemented with antibiotics. 


MATERIALS AND METHODS 


Preparation and manipulation of gametes 


Medakas, Oryzias latipes, of the d-rR strain 
(six-inbred: genotype bbrr, bbRr) and the wild 
type (two-inbred: genotype BBRR) that had been 
bred in our laboratory were used in the present 
study. They were kept under artificial conditions 
(14 hr light, 10 hr darkness; temp. 26-28°C) suit- 
able for reproduction. Under these conditions, 
ovulation was observed about one hour before the 
onset of illumination [4]. Females were laparoto- 
mized after their brains were pithed. The ovaries 
with freshly ovulated eggs were removed from the 
body cavities and kept before use in a sterile saline 
formulated for medaka oocytes (SMO-saline: 
NaCl, 650mg; KCl, 40 mg; CaCl,-H2O, 15 mg; 
MgSO,:7H20, 15 mg; NaHCO3, 100 mg; phenol 
red, 1.5 mg; in 100 ml of distilled water with 5 mM 
HEPES-HCI, pH 9, [5]) at 10-15°C. Yamamoto’s 
saline [14] was not suitable for the present experi- 
ment because it induced gradual hardening of the 
chorion with time. The SMO-saline was previously 
sterilized by filtration through a microporous filter 
(pore size 0.20 ~m; Advantec, Tokyo). All eggs 
were used within 2 hr after ovulation, since the 
chorion hardens slightly in overripe eggs, making 
partial excision of the chorion more difficult; even 
when a portion of the chorion could be successfully 
cut off with scissors, the egg proper was easily 
injured during manipulation by the sharp edges of 
the pore cut in the chorion. Consequently, when 
such overripe eggs showing exocytosis of a few 
cortical alveoli were used, a high percentage of 
successful dechorionations was not _ usually 
achieved. 


Dechorionation was carried out with the eggs in 
chilled SMO-saline (10-15°C) in a Petri dish (70 
mm diameter). Fine watchmaker forceps and 
small scissors (the blades, 0.6 mm) were used as 
the egg were viewed through a binocular micro- 
scope (X20). Under a binocular microscope, 
attaching filaments on the chorion at the vegetal 
pole area of the unfertilized egg were pulled with 
forceps in SMO-saline while the vitellus within the 
chorion was held back by open scissors so only the 
stretched part of the chorion at the vegetal pole 
region was cut off with the fine scissors, as de- 
scribed in the previous report (Iwamatsu, 1983). 
At this step of dechorionation, denuded eggs (the 
vitellus) could be obtained by carefully squeezing 
the vitellus out of the chorion into SMO through 
the large pore (200-400 ym in diameter). 

A sperm suspension for insemination was pre- 
pared by releasing spermatozoa from the testes 
into saline. Testes were obtained from mature 
males by the same procedure used to obtain the 
ovaries. The volume of sperm suspension (1-2 
10’ sperm/ml) in each watch glass (50 mm in dia- 
meter) was about 0.5-1 ml. 

Insemination before dechorionation was carried 
out by immersing an ovary containing freshly 
ovulated eggs within the ovarian lumen into the 
sperm suspension and exposing eggs to spermato- 
zoa by making serveral tears in the ovarian sac. 
After the eggs were rinsed once in SMO-saline 
containing 10-°% SDS to kill spermatozoa, the 
eggs were transferred into chilled SMO-saline and 
a small piece of the chorion was removed with 
SCiSSOFS. 


Injection of isolated cells into denuded eggs 


Microinjection of cells from wild-type embryos 
into late morulae of the d-rR strain was performed 
by positioning the embryos in a corner of a triangu- 
lar agar (2%) well made in a small Petri dish 
containing SMO-saline (agar dish, Fig. 1). A mi- 
cromanipulator (Narishige, Tokyo) equipped with 
a syringe for positive pressure was used. Cells of 
the naked late morulae of the wild-type donor 
were isolated by a sterile disposable scalpel in 
SMO-saline in an agar dish. A micropipette with a 
large bore (tip diameter, ca.10 ~m) was used to 
transplant isolated cells into developing embryos. 
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2% AGAR-SALINE 


Fic. 1. Diagram of microinjection of blastomeres into 
medaka embryos using a micropipette held in a 
micromanipulator. 


The micropipette was loaded with paraffin oil, 
then the cells to be transplanted were drawn in, 
and finally a small amount of the oil was drawn in 
to avoid a leakage of cells from the micropipette. 


Cultivation of naked eggs 


The culture medium used (GP-saline) was SMO- 
saline containing 4 g/ml gentamicin and 6% 
polyethylene glycol (M, 1,540), adjusted to pH 7.4 
with 1N NaHCO3. Denuded eggs were rinsed 
once in culture medium before they were carefully 
transferred with an autoclaved pipette into another 
agar dish containing GP-saline. Eggs that cleaved 


PETRI DISH 


2% AGAR-SALINE 


Fic. 2. 
agar-coated, autoclaved Petri dish. 


TABLE 1. 
Insemination No. of eggs 
time examine 
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Animal pole region 
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within 2 hr after insemination were transferred and 
incubated in a fresh agar dish containing GP-saline 
(27°C, Fig. 2), which was exchanged every day. 
The agar dish was placed on an agitator (agitation 
160 rpm; micro-mixer EM 33, Taitec, Tokyo) dur- 
ing incubation. 


RESULTS AND DISCUSSION 


Insemination and development of eggs lacking part 
of the chorion 


Eggs partially dechorionated were transferred 
into fresh SMO-saline in an agar dish. The vitel- 
line surface at the dechorionated part of the egg 
extruded from the pore of the chorion. These eggs 
were immersed into a sperm suspension in an 
agar-coated watch glass for about 30sec (24°C) 
and then transferred into fresh SMO-saline in an 
agar dish. The cortical reaction was observed 
beginning at the animal pole region in most eggs, 
although many spermatozoa could also enter the 
extruded cortical cytoplasm at the vegetal pole 
region where the chorion was absent (Table 1). 
Only one spermatozoon was found in the cortical 


6% POLYETHYLENE GLYCOL 
~SALINE 


Incubation of denuded eggs in sterile saline containing 6% polyethylene glycol in an 


Sperm penetration in medaka eggs partially dechorionated before and after insemination 


No. of spermatozoa penetrated at 
i Vegetal pole region’ 


Before dechorionation 


30 sec 15 1+0 (1+0) 1.1+0.3 (0) 

After dechorionation 

30 sec 15 1+0 (1+0) 6.9+1.6 (3.5+1.1) 
20 min 10 1+0* (1+0) 22.1+6.3 (7.0+3.2) 


' This region was dechorionated. 
* In one case, two spermatozoa were found at 


the animal pole in an egg. All eggs were further 


incubated for 20 min after insemination of 30 sec or 20 min and fixed with glutaraldehyde for examination 
of the nucleus. The numbers in parentheses indicate the mean number of pronuclei. 
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cytoplasm at the animal pole region facing the 
inner opening of the micropylar canal. 

Twenty minutes after insemination (sperm con. 
1.5 10’/ml) for 30 sec, the second polar body had 
been formed and the male and female pronuclei 
could be seen each other at the intervals of 120+ 
22 wm in the blastodisc in all 15 eggs examined 
(Table 1). The mean number of surplus spermato- 
zoa incorporated into the dechorionated region of 
the vegetal pole area was 7 (including 4 pronuclei) 
at 20 min after a 30-sec insemination. 

Fifty-two eggs undergoing exocytosis at the 
animal pole region after insemination for 30 sec 
were transferred and kept in SMO-saline in an 
agar dish. The vitellus exited the chorion into 
saline by itself (Fig. 3), probably due to high 


osmotic and hydrostatic pressure within the peri- 
vitelline space. The time required for “self- 
denuding”, about 3hr, was independent of 
temperature over the range 13—-25°C. As seen in 
Fig. 4, forceps were used to carefully squeeze the 
vitellus out of the chorion through a large pore, 
when denuded eggs were needed for an experi- 
ment at the stage of blastodisc formation. Forty- 
eight denuded eggs (92%) developed to normal 
morulae. Forty of these eggs (77%) were allowed 
to develop to fry via normal developmental proces- 
ses (Fig. 4f-h) in GP-saline (27°C) in an agar dish. 
The hatching enzyme was released from the hatch- 
ing glands, and swimming movement was observed 
about 9 days after fertilization. It is likely that 
embryos may simultaneously acquire the capability 


off, the vitellus gradually extruded itself out of the chorion through the resulting cut pore (a-e, 24°C). Denuded 
embryos developed to fry via normal developmental processes (f, gastrulae; g, 3 day-embryo; h, 7 day-embryo, 
27°C). a-f, X30; g-h, X28. An arrow in 3a indicates the micropyle. 
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Fic. 4. Method for squeezing the vitellus out of the 
chorion. The vitellus is squeezed out of the chorion 
through the large pore by pressure on the opposite 
side of the chorion. 


for such movement and the ability to release the 
hatching enzyme from hatching glands. 

When 10 eggs were inseminated for 20 min and 
incubated further for 20 min, one supernumerary 
spermatozoon was found as a compact sperm head 
on the surface of the blastodisc in only one egg. 
This means that only one spermatozoon can attach 
to the egg plasma membrane at the animal pole 
region by passing through the micropylar canal; 
this canal is completely occluded by 5 min after 
insemination [8]. The mean number of spermato- 
zoa incorporated into the dechorionated region 


following 20 min of insemination was 22 (including 
7 pronuclei). At the animal pole of these eggs, two 
gamete nuclei was observed joining each other. 
The supernumerary sperm nuclei in the vegetal 
pole area did not contributed to syngamy, because 
they failed to reach the animal pole region by 
contractile movements of cortical cytoplasm, as 
reported for the migration of the female nucleus 
[7]. Fourteen denuded eggs (78%) activated follow- 
ing 20 min of insemination developed normally. 


Dechorionation following insemination and de- 
velopment of the denuded eggs 


An ovary with freshly ovulated eggs was im- 
mersed in a sperm suspension in a watch glass, and 
each egg was immediately exposed to spermatozoa 
by tearing several portions of the ovarian sac with 
a pair of fine forceps. As soon as exocytosis began 
at the animal pole region after 10-20 sec of expo- 
sure to sperm, the eggs were quickly rinsed in 
SMO-saline containing 10~*% SDS and tranferred 
into 30 ml of SMO-saline in a Petri dish (70 mm in 
diameter). Before hardening of the chorion be- 
gan, part of the chorion was immediately cut off 
with scissors, using the same procedure for decho- 
rionation as that used for unfertilized eggs, as 
described above (Fig. 5). Preliminary observation 
of sperm penetration into the dechorionated part 
of the cortical ooplasm was carried out on these 
eggs fixed with 5% glutaraldehyde (pH 7.4) 30 min 


Fic.5. Diagramatic representation of the procedure for mechanical removal of a part of the chorion just after the 
beginning of exocytosis of cortical alveoli(ca) at the animal pole region following insemination. Attaching 
filaments (af) on the chorion in the vegetal pole area of the egg were pulled with forceps and only the stretched 
portion of the chorion in the vegetal pole area was cut off with fine scissors. 0, oil droplet. 
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A 


Fic. 6. A chimeric embryo of the d-rR strain medaka that has received transferred cells from a wild-type medaka 4 
days after fertilization. Melanophores (arrows) are seen on the surface of the yolk sphere around the oil droplet 


(OL). A, X55; B, x 140. 


after insemination. Swollen sperm nuclei or pro- 
nuclei were not found in the vegetal pole region 
dechorionated (Table 1). When these 50 eggs 
were kept in SMO-saline in an agar dish, the 
vitellus exited the chorion into the saline, as shown 
in Fig. 2a-e. Most eggs (96%) advanced to the 
gastrula stage, and 88% of them developed 
noramlly to fry. This proves that the perivitelline 
fluid and the spherical bodies within the peri- 
vitelline space are not necessary for normal de- 
velopment. 

As described above, the present technique for 
partial dechorionation before or after insemination 
is more convenient for obtaining naked medaka 
embryos than that using such proteolytic enzymes 
as commercial pronase and trypsin or natural 
hatching enzyme [2, 3, 11, 12]. Use of the enzy- 
matic method complicates experimental schedules, 
because embryos must be prepared just before 
hatching to get the hatching enzyme. 


Experimental micromanipulation of naked eggs af- 
ter fertilization 


Blastomeres or other cells of various adult tis- 


sues could be transferred into the vegetal pole 
region near the oil droplet of early developing 
embryos with the blastoderm by inserting a micro- 
pipette with a large bore (tip size ca. 10 ~m). 
When blastomeres of a wild-type embryo were 
transplanted into the vegetal pole regions of ten 


d-rR strain embryos, melanophores appeared only 
on the spherical yolk mass (Fig. 6) of 3 embryos. 
In 3 embryos the yolk sphere shrank due to 
leakage of the yolk from the microinjection injury 
into the saline during incubation. These chimeric 
embryos developed to morphologically normal fry 
in fresh sterile GP-saline. The present results 
indicate that naked embryos experimentally oper- 
ated develop normally even out of the chorion. 
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ABSTRACT—It has been previously known that the secretions of the male accessory glands of 
Drosophila melanogaster stimulate female reproductive behaviors such as oviposition. Their transfer to 
and fates in mated females , however, is only poorly known. We have examined some morphological 
changes in the female reproductive organs, suggesting relation to reproductive behaviors specifically 
manifested in mated female. The common oviduct, the uterus and the vagina did not show any 
morphological changes after mating. In the capsule lumen of the spermatheca, quantity of the 
secretions discharged from the glandular cells seemed not to be changed after mating. No morphologic- 
al change in the epithelial cells of this organ was observed. In the ventral receptacle, however, many 
electron dense particles appeared after mating in the microvilli zone of a layer of the cuboidal epithelial 
cells. These particles were inferred to be formed by the substances absorbed through the pore canals of 
the chitinous intima of the ventral receptacle. In the cytoplasm of the cuboidal cells, however, typical 


features of micropinocytosis such as formation of the coated vesicles were not found. 


INTRODUCTION 


The male accessory glands of Drosophila mela- 
nogaster secrete proteins that are transferred along 
with sperm into female reproductive organs during 
copulation [8]. The secretions of the male acces- 
sory glands stimulate oviposition and egg produc- 
tion, and decrease female receptivity to courtship 
[8, 13, 14]. It has been shown that the secretions 
include several kinds of proteins and peptides [18, 
19] or transcripts expressed specifically in the 
accessory gland [2, 7, 10, 17]. Among them, a 
peptide composed with 36 amino acid residues has 
been purified by Chen et al. [9]. This peptide 
elicits a transient (< 24 hr) increase in oviposition 
and reduction in female receptivity to male 
courtship. 

Monsma and Wolfner [17] have found two tight- 
ly linked accessory gland transcripts. One of which 
has an amino acid sequence similarly to the egg 
laying hormone of Aplysia. Both proteins trans- 
lated from the transcripts are transferred to the 
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female during mating, and rapidly enter the female 
hemolymph [16]. Thus, specific proteins of the 
accessory glands enter the female hemolymph 
through the female reproductive organs. 

In this article, we report on a morphological 
change in the mated female reproductive organs, 
suggesting a possible incorporation of the secretes 
of the male accessory glands. 


MATERIALS AND METHODS 


Flies were reared on a standard cornmeal, yeast 
and agar medium at 25°C under 14:10 light-dark 
cycle. 

Strains of Drosophila melanogaster used for 
observation were ebony and Oregon-R. The for- 
mer strain showed, in the preliminary experi- 
ments, very clear behavioral changes in mated 
females for oviposition and receptivity to male 
courtship. The latter wild type strain, Oregon-R, 
was used for comparison with observations of the 
ebony strain. As the results of observation in the 
both strains were not different at all, strain name 
was not specified both in the text and each figure’s 
legend of the present paper. Usually, 2 to 3 days 
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old virgin females and mated females which were 
ranged from 3 hr to 9 days after copulation were 
used for observation. Five replicates of the glass 
vials each containing 10 virgin females and 15 
males were set up for copulation. After 10 min- 
utes, unmated females and males were discarded 
and mated pairs were left to finish copulation. 

Anesthetized virgin or mated females were dis- 
sected using the tungsten needles in chilled 2% 
glutaraldehyde in 0.1M phosphate buffer (pH 
7.4). The inner reproductive organs which were 
excised the ovaries at the lateral oviducts were 
transferred to the fresh 2% glutaraldehyde fixative 
solution and fixed for 2 hr at 4°C. 

Then, the reproductive organs were post-fixed in 
2% OsO, in 0.1 M phosphate buffer (pH 7.4) for 2 
hr at 4°C. After dehydration in a series of graded 
concentrations of ethanol, they were embedded in 
TAAB 812. The Reichert Om U2 ultramicrotome 
was used for sectioning. Sections which were 
doubly stained with uranyl acetate and Reynold’s 
lead acetate were examined in a HITACHI HU-12 
or HU-12A electron microscope. 


RESULTS 


In Drosophila, the female internal reproductive 
system consists of a pair of ovaries, the lateral 
oviducts which unite medially to form the common 
oviduct, the genital chamber or vagina, anterior 
part of which is termed the uterus. Besides these 
efferent ducts, the female reproductive system 
includes three sperm storing organs; a pair of the 
spermathecae and the ventral receptacle. The 
spermathecae are a pair of mushroom shaped 
organs which connected close together to the ute- 
rus by slender ducts. The ventral receptacle is a 
compactly coiled tube applied to the anterior end 
of the uterus. The diameter of the lumen of the 
ventral receptacle is wider in the distal part than 
the proximal region [15] (Fig. 1). 

No structural change was observed before and 
after copulation in the surface layer including the 


Vv 
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Fic. 1. Dorsal aspect of the female inner reproductive 
organs of Drosophila melanogaster. Both the ven- 
tral receptacle and the spermatheca are redrawn to 
show these inner structures. Ov, ovary; Odl, lateral 
oviduct; Odc, common oviduct; Spt, spermatheca; 
VentRcp, ventral receptacle; Utrs, uterus; Vag, 
vagina. 


epithelial cells with a chitinous intima and sur- 
rounded by circular muscles of the common ovi- 
duct, the uterus and the vagina. In the lumen of 
the capsule of the spermathecae which are a pair of 
sperm storage organs, numerous tubular elements 
tightly intermingled with the sperm were found 
(Fig. 2a). These tubular elements were found also 
in the lumen of the ventral receptacle (Fig. 5b) and 
were thought to be derived from the male acces- 
sory gland as suggested by Bairati [3] and Acton 
[1]. 

Each capsule of the spermathecae was covered 
externally by two kinds of cells: a layer of the 
squamous epithelial cells and a layer of the glandu- 
lar cells located outside of the squamous cells. 
Each of the glandular cells has a secretory struc- 
ture which discharges the secretion into the cap- 
sule lumen through the ductule piercing the cuticu- 
lar intima (Figs. 2b, 2c). This fusiform secretory 
structure was defined with very numerous long 
microvilli of the invaginated plasma membrane of 
the glandular cell (Figs. 2b, 2d). Many electron 


Fic. 2. 


Electron micrographs of the spermatheca. (a) numerous tubular elements intermingled with the sperm in the 


lumen (3 hr after copulation). (b) the secretory structure of the glandular cell, with the ductule piercing the 
cuticular intima (lower). sq, squamous epithelial cell; arrow head, ductule (c) the ductule of the secretory 
structure opening to the capsule lumen. (d) transverse section of the secretory structure and the amorphous 


Reproductive Organs of Drosophila 955 


substance deposited in the capsule lumen (upper left) of the 3 days old virgin female. se, secretory structure (e) 
amorphous or granular substance in the capsule lumen of 3 days old virgin female. (f) lower magnification figure 
of d. Triangular markers shows substance stored in the capsule lumen. Bars, 1 um. 
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dense small granules were accumulated in the 
secretory cavity of the secretory structure. These 
observations on the structure of the spermatheca 
were fundamentally identical with those reported 
by Filosi and Perotti [12]. 

A significant quantity of the amorphous or 
granular substance was deposited in the lumen of 
the capsule before transfer of the sperm and the 
male accessory gland secretion into the capsule 
lumen by copulation (Figs. 2d, 2e, 2f). The 
amount of the granules stored in the lumen, 
however, did not seem to be obviously changed 
after copulation (Fig. 3a). Thus, the quantity of 
the granular substance secreted by the glandular 
cells of the spermatheca remained unchanged after 
copulation. In the capsule lumen of mated female 
which was aged more than three days after copula- 
tion, both the tubular elements derived from the 
male accessory gland and substance secreted by 
the glandular cells disappeared although many 
sperm were yet stored in it (Fig. 3b). The sper- 
matheca at the level of junction with the duct 
which arises from the inside of the capsule has a 
different type of the epithelium cells from the 
cuboidal or the squamous cells (Fig. 3c). In this 
region, the chitinous intima is thicker than those of 
the other parts and the epithelial cells have many 
basal compartments in the cytoplasm contiguous to 
the chitinous intima. In our observations, the 
laminae structure reported by Filosi and Perotti 
[12] in the lumen of the capsule or the secretory 
cavity was observed only in aged females and the 
quantity of the laminae did not increase markedly 
after mating (Fig. 3d). Structurally, neither the 
squamous epithelial cells nor the glandular cells of 


the spermatheca showed the figures absorbing the 
male accessory gland secretion stored in the lumen 
of the capsule after copulation. 

The ventral receptacle is known to be another 
one of the sperm storage organs, with a compactly 
coiled tubular structure. This organ is structurally 
divided into two distinct, the proximal and distal, 
regions. In the proximal region, the chitinous 
intima is very thin and the lumen of this region is 
usually quite narrow even after the end of copula- 
tion (Fig. 4b). The number of the sperm found in 
this narrow region is very few. In the distal half of 
the ventral receptacle, thick chitinous intima which 
comprises many pore canals ensures wide space for 
sperm storage (Fig. 4c). 

A single layer of the cuboidal epithelial cells 
which surfaces protrude many microvilli is 
arranged outside the intima, both in the proximal 
and distal regions of the ventral receptacle (Figs. 
4a, 4c). Many electron dense particles appeared in 
the region between the chitinous intima and micro- 
villi of the epithelial cells about one hour after 
copulation (Figs.4b, 4c). These particles re- 
mained in the same region for nine days after 
copulation, though the density had become a little 
low. These particles have the stratified structure 
which is similar to the finger print when observed 
at higher magnification (Fig. 4d). Smaller particles 
with same stratified structure were observed be- 
tween the pore canals of the thick chitinous intima 
(Fig. 4c). The diameter of the particles become 
larger as they get nearer to the microvilli zone. 

The particles were already formed when the 
tubular elements secreted by the secondary cells 
(named by Bairati [4]) of the male accessory glands 


Fic. 3. 


Electron micrographs of the spermatheca. (a) amorphous or granular substance intermingled with the sperm 


in the capsule lumen of mated female (3 hr after copulation). ch, chitinous intima; se, secretory structure; arrow 
head, amorphous substance (b) the sperm stored in the capsule lumen. Both tubular elements derived from the 
male accessory gland and amorphous substance discharged from the grandular cell disappeared from the lumen in 
female of 3 days after copulation. (c) the “inside” part of the capsule with thicker chitinous intima and the cells 
with many basal compartments. ch, chitinous intima (d) the laminae structure observed in the capsule lumen of 7 
days old virgin female. Bars, 1 ym. 

Fic. 4. Electron micrographs of the ventral receptacle. (a) the proximal region of the ventral receptacle of virgin 
female. ch, chitinous intima; mv, microvilli zone; lu, lumen (b) the proximal region of the ventral receptacle of 
mated female (2 days after the copulation). black triangles, electron dense substance in the pits at the basal 
region of microvilli; arrows, electron dense particles; sp, sperm. (c) the distal region of the ventral receptacle of 
mated female (2 days after the copulation). arrows, electron dense particles; sp, sperm; ch, chitinous intima; lu, 
lumen. (d) the stratified structure of the electron dense particles observed at higher magnification. ch, chitinous 
intima. Bars of (a), (b), (c), 1 wm, Bar of (d), 0.5 um. 
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cytoplasm of the cuboidal cells where many 


Fic. Be Electron micrographs of the ventral receptacle. (a) the 


microtubules attending perpendicular both to the inner and the outer surfaces. (b) the electron dense particles 
(arrows) already formed in microvilli zone when the tubular elements remained amply with the sperm in the 
lumen. (c) the muscles running outside of the basement membrane (bm) of the cuboidal cells. Bars, 1 um. 
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remained amply in the lumen of the ventral re- 
ceptacle (Fig. 5b). Morphologically, incorporation 
of these electron dense particles into the cuboidal 
cells of the ventral receptacle was obscure: typical 
features of micropinocytosis such as formation of 
the coated vesicles were not found. However, 
figures showing the electron dense substance in the 
pits at the basal region of microvilli were often 
seen (Figs. 4b, 4c, 5a). 

In the cytoplasm of the cuboidal cells, consider- 
able numbers of the microtubules were attending 
perpendicular both to the microvilli zone and to 
the outer surface which was contiguous to the 
basement lamina (Fig. 5a, 5c). Function of these 
microtubules could not be ascertained whether 
they were only cytoskeletal elements responsible 
for maintaining the cuboidal shape of the cells or 
they were playing an active role in transmission of 
the incorporated substances. The muscles were 
running outside of the basement membrane of a 
layer of the cuboidal cells. No conspicuous nerves 
was found in or around the muscular region (Fig. 
Sc). 


DISCUSSION 


In this study, many electron dense particles were 
found to be formed after mating in the microvilli 
region of the cuboidal cells of the ventral recepta- 
cle in mated female. These particles were inferred 
to have a significant role in releasing mated female 
reproductive behaviors such as oviposition or un- 
receptivity to male courtship: these particles could 
not be observed in the virgin females. The origin 
and subsequent role or fate of these particles, 
however, could not be ascertained in the present 
observation. The electron dense particles show 
stratified structure and become larger as they go 
off from the chitinous intima. These observations 
make us expect that the particles may consist of the 
substances absorbed from the lumen of the ventral 
receptacle through the pore canals of the chitinous 
intima. Morphologically, the particles cannot be 
released from the cuboidal cells of the ventral 
receptacle, because developed secretory structures 
such as Golgi apparatus and endoplasmic reticu- 
lum were not found in the cytoplasm of the cuboid- 
al cells. Thus, one of the potent origin of the 


particles may be the secretions of the male repro- 
ductive organs introduced into the lumen of the 
ventral receptacle along with the sperm. 

In Drosophila melanogaster male, two organs, 
the accessory gland and the ejaculatory duct, have 
been known to secrete substances emitted to 
female reproductive organs. The male accessory 
gland produces a series of species specific proteins 
and peptides [8]. Among these substances, Chen 
et al. [9] found a peptide consisted of 36 amino 
acids which induced ovulation by injection into the 
abdominal cavity. Monsma and Wolfner [17] and 
Monsma et al. [16] demonstrated that two kind of 
proteins of the male accessory gland, msP355a and 
msP355b, were transferred to the female inner 
genital tract during copulation and _ rapidly 
appeared in the hemolymph: anti-msP355a or 355b 
antibody recognized three male accessory gland- 
specific proteins among those which were ex- 
tracted from mated female flies and separated by 
electrophoresis. When our observation shown 
here is combined with these results, it may be 
suggested that at least a part of the male accessory 
gland secretions incorporated at the ventral re- 
ceptacle would be passed through the cuboidal 
cells and entered into the hemolymph, although 
we could not find the morphological features sug- 
gesting that the substances in the lumen of the 
ventral receptacle were passing through the cyto- 
plasm of the cuboidal cells. 

In the ejaculatory duct of Drosophila melano- 
gaster, glucose dehydrogenase (GLD) is expressed 
in adult male. GLD is transferred to the female 
reproductive organs during copulation and infer- 
red to stimulate female reproductive behaviors [6]. 
GLD activity of the ejaculatory duct, however, is 
relatively rare among the species of the genus 
Drosophila. Virtually, high activity of this enzyme 
is restricted to several species of the melanogaster 
group [5]. Thus, GLD synthesized in the ejacula- 
tory duct cannot be regarded an indispensable 
factor for female reproduction. Our preliminary 
observation of the ventral receptacle of mated 
Drosophila virilis females showed similar electron 
dense granules as in D. melanogaster, whereas 
males of D. virilis entirely lack GLD activity of the 
ejaculatory duct [5]. 

In this article, we concluded that the electron 
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dense particles in the secretory cavity of the fusi- 
form structure of the glandular cell of the sper- 
matheca were the secretions discharged from the 
glandular cells. “End apparatus” reported by 
Filosi and Perotti [12] could not be observed 
except for the ductule opening to the cuticular 
intima. It appears that the granular substance 
secreted by the glandular cells of the spermatheca 
cannot serve as factor(s) which initiate oviposition 
or release unreceptive behavior to male courtship, 
because (1) its quantity seemed to be remained 
unchanged after copulation, and (2) no figure 
suggesting to absorb the male accessory gland 
secretion stored in the capsule 
observed. 

In the efferent ducts of the female reproductive 
organs, any morphological change after the mating 
was not found at all in the present observation. 
This may suggest that these ducts cannot be re- 
sponsible for releasing reproductive behaviors 
characteristic in mated female. 


lumen was 
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Normal and Neoplastic Growth of Mammary Glands and Circulating 
Levels of Prolactin and Growth Hormone in Mouse Whey Acidic 
Protein Promoter /Human Growth Hormone 
(mWAP/hGH) Transgenic Mice 
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ABSTRACT—Female and male hybrids between SHN females with high mammary tumor potentials 
and a male transgenic mouse expressing a high human growth hormone (hGH) fusion gene under the 
control of mouse whey acidic protein as a promoter were divided into hGH (+) and hGH (—) groups 
according to serum hGH levels at 50 days of age (111+16 ng/ml and 0.43+0.05 ng/ml in females and 
51+4 ng/ml and 0.47+0.05 ng/ml in males, respectively). At both 2 and 4 months of age, female and 
male hGH (+) mice showed morphometrically a marked stimulation of mammary gland growth. In 
hGH (+) group, mammary gland contents of DNA and RNA in females and RNA content in males at 2 
and 4 months were also significantly higher than in hGH (—) group. Furthermore, in males, 
thymidylate synthetase and thymidine kinase activities in the glands were higher in hGH (+) group at 4 
month of age. In both females and males, mammary tumor incidence was enhanced in hGH (+) group. 
The estrous cycle of hGH (+) females had continued estrus. In both females and males, serum levels of 
mouse prolactin were higher in hGH (+) group than in hGH (—) group at 4 months. In serum mouse 
GH levels of both sexes, hGH (+) group was apparently lower and higher than hGH (—) group at 2 
and 4 months of age, respectively. The possible role of hGH on normal and neoplastic mammary gland 
growth was discussed. 


mate [13, 14]. Although GH has a mammogenic 


ODES HON role, its effect is sometimes masked by prolactin, a 


Previously we examined the participation of 
growth hormone (GH) in mammary gland growth 
of mice in which the endogenous GH was chroni- 
cally suppressed by the administration of SMS 
201-995, an analog of somatostatin [10, 12] or a 
single neonatal treatment with monosodium gluta- 
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key hormone for both normal and neoplastic mam- 
mary gland growth [18, 26]. Human GH (hGH) 
has a much potent prolactin-like activity compared 
to those of other species [3, 5, 7]. However, its 
role in normal and neoplastic mammary gland 
growth is rather obscure, mainly owing to the lack 
of suitable experimental systems. Recently, trans- 
genic mice expressing human GH gene under the 
control of different enhancers/promoters have 
been developed [1, 2, 4, 8, 24], which tempted us 
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to use this animal model for the study on the role 
of hGH in mammary gland growth. 

We here report normal and neoplastic mammary 
gland growth of both female and male transgenic 
mice expressing a high hGH fusion gene driven by 
the promoter of mouse whey acidic protein 
(mWAP) putatively specific to mammary gland 
[23]. 


MATERIALS AND METHODS 


Mice 

A mWAP/hGH transgenic male mouse pro- 
duced by Tojo et al. [23] was mated with a high 
mammary tumor strain of SHN females and their 
offspring of both sexes were used. At 50 days of 
age, each mouse was bled by orbital venous punc- 
ture under the light ether anesthesia and plasma 
hGH level was measured by radioimmunoassay 
(Mitsubishi Yuka Bioclinical Labs Inc, Tokyo, 
Japan). Mice were divided into hGH (+) (>5 ng/ 
ml) and hGH (—) (<1 ng/ml) groups according to 
the plasma hGH level. Practically plasma hGH 
levels (mean+SEM) of hGH (+) and hGH (—) 
mice used in the experiments were 111 +16 ng/ml 
and 0.43+0.05 ng/ml in females and 51+4 ng/ml 
and 0.47 +0.05 ng/ml in males, respectively. At 2 
and 4 months of age, mice were killed by decapita- 
tion under the light ether anesthesia for the ex- 
amination of mammary gland growth. Others 
remained alive for checking mammary tumor- 
igenesis. 

Throughout the experiments, mice were kept in 
aluminium cages (16 x 28 x 13 cm) with wood shav- 
ings, 4 or 5 each, maintained in a windowless 
animal room, which was air-conditioned (22-23°C 
and 70-75% relative humidity), artificially illumin- 
ated for 14 hr (05 :00 to 19:00 h) and ventilated 16 
times/hr, and provided with tap water and a 
commercial diet (Nihon Nosan Kogyo KK, Yoko- 
hama, Japan) ad libitum. 


Mammary gland growth 


The third thoracic glands, which developed 
mostly to two dimentions, were prepared for the 
wholemount evaluation and the duct growth and 
the end-bud formation were measured mor- 


phometrically. The glands, which developed to 
three dimentions and were thick, were embedded 
in paraffin, sectioned at 6 ~m and stained with 
hematoxylin and eosin. 

DNA and RNA contents in the left inguinal 
glands were also determined as detailed previously 
[15]. 

In order to assess the dynamic aspects of the 
glands, the activities of DNA synthesizing en- 
zymes, thymidylate synthetase (TS) and thymidine 
kinase (TK), were measured using the right inguin- 
al mammary glands by the methods of Dunlap et 
al. [6] and Taylor et al. [22], respectively. The 
procedures were the same as detailed previously 
[19]. TS and TK activities are known to catalyze 
the methylation of deoxyuridine monophosphate 
(dUMP) for the de novo synthesis of deoxythymi- 
dine monophosphate (dTMP) and the phosphory- 
lation of thymidine for the salvage synthesis of 
dTMP in the pyrimidine pathway, respectively. 
These enzyme activities estimate the frequency of 
DNA replication. 


Mammary tumorigenesis 


Each mouse was checked twice a week for 
palpable mammary tumors. Tumorous mice were 
killed when the sizes of the first tumors reached 
approximately 10mm after the total number of 
tumors was recorded. Types of all mammary 
tumors were checked histologically. 


Estrous cycle and ovarian histology 


Vaginal smears were checked every morning 
(08 :00-08:30h) for 1 month beginning at 2 
months of age. 

At autopsy at 2 or 4 months of age, ovaries 
of some female mice were removed, sectioned 
at 6 wm and stained with hematoxylin-eosin for 
histological observation. 


Serum levels of prolactin (mPRL) and growth 
hormone (mGH) in situ 


At autopsy, blood was collected from the trunk, 
left at room temperature for 8hr and at 4°C 
overnight and centrifuged at 4°C at 1,000 g for 20 
min. Serum was frozen and kept at —20°C. 


Plasma levels of mPRL and mGH were measured 
by radioimmunoassays employing purified mPRL 
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(AFP-6476C) and mGH (AFP-10783B) as antigens 
and reference standards and their antisera (AFP 
131078 and NIDDK-anti-rGH-S-5, respectively). 
All procedures for radioimmunoassay of both hor- 
mones were the same as detailed previously (27). 


Statistics 


Statistical significance of difference in each para- 
meter between groups was evaluated by the Stu- 
dent’s t-test. 


RESULTS 


Mammary gland growth 


Structure: The results in the wholemount prepa- 
rations are illustrated in Figure 1. In females at 2 
months of age, there was no difference in the 
mammary area between hGH (+) and hGH (—). 
The glands of hGH (+) mice were occupied with 
well-developed lobulo-alveoli; some contained 
secretion and others showed outgrowth to hyper- 
plastic alveolar nodules (HAN). Ducts were dis- 
tended with secretion (Figs. 2-A, C). On the other 
hand, the glands of hGH (—) mice consisted of 
ducts with small end-buds (Fig. 2-B). 

At 4 months, mammary gland features differed 
little from those at 2 months in either hGH (+) or 
hGH (—) group. 

In hGH (+) male mice, the glands showed 
lobulo-alveolar formation comparable to those in 
hGH (+) females (Fig. 2-D) associated with a 
marked extension of duct system. By contrast, the 
glands of hGH (—) mice were primitive consisting 
only of two or three branches of ducts (Fig. 2-E). 

At 4 months, the feature of the gland was similar 
to that at 2 months in either hGH (+) or hGH (—) 
male mice except that some extension of duct 
system of hGH (—) group. 

Nucleic acid contents (Fig. 3): In females, hGH 
(+) mice were apparently higher than hGH (—) 
mice in any of DNA, RNA and RNA/DNA ratios 
at both 2 and 4 months of age. While any 


parameter differed little with age in hGH (—) 
mice, DNA and RNA levels of hGH (+) mice 
were higher at 4 months of age than at 2 months. 

In males, only RNA contents at both ages were 
significantly higher in hGH (+) mice than in hGH 


1 
2 
Mammary area (mm) Mammary rating 2 
300 200 100 0 oO 7 #2 8 & § G6 
——————— nls — SEs 
Age 


Female torenths) 


(9) * 
(4) 


(6) * 
(4) 


(5) * 


(7) 


(7)* * 


(4) 


Fic. 1. Normal mammary gland growth measured in 
the wholemount preparations of hGH (+) (Hi) 
and hGH (—) ( ) mice (Mean+SEM). Number 
of estimates is in the parentheses. 

‘Area of the duct system as an index of duct growth 
was estimated by the area bounded by the straight 
lines connected the tops of ducts as finely as possi- 
ble, which was performed by the computerized 
digitizer (Model LA-525; PIAS, Tokyo, Japan). 
?The degree of end-bud or lobulo-alveolar forma- 
tion was rated from 1 to 7 in increments of | (16). 
* or ** Significantly higher than hGH (—) group at 
P<0.05 or 0.01. 


(—) mice and no differences in DNA content and 
RNA/DNA ratio were observed between groups 
at either 2 or 4 months of age. There was also little 
age-related difference in any parameter in both 
hGH (+) and hGH (—) mice. 

Ts and TK activities (Fig. 4): In females, there 
was little difference between hGH (+) and hGH 
(—) groups in either TS or TK activity at 2 months 
of age. Meanwhile, TK activity of hGH (—) mice 
was higher than that of hGH (+) mice at 4 months 
of age. 

In males, little difference was observed between 
groups in enzyme activities at 2 months of age, 
however, the activities of both TS and TK tended 
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2. Mammary gland structures of hGH (+) and hGH (—) mice at 2 months of age. 
A. Wholemount preparation in a hGH (+) female (H stain, x10). Rating=7. 

B. Wholemount preparation in a hGH (—) female (H stain, x10). Rating=2. 

C. Histological structure in a hGH (+) female (HE stain, x 100). 

D. Wholemount preparation in a hGH (+) male (H stain, x10). Rating=6. 

E. Wholemount preparation in a hGH (—) male (H stain, x10). Rating=1. 


to be higher in hGH (+) mice than in hGH (—) males, mammary tumor incidence was markedly 
mice at 4 months of age. enhanced by hGH. Mammary tumors appeared 
after 3 months of age in hGH (+) mice of both 
sexes and the incidences reached nearly 100% until 
As presented in Figure 5, in both females and 6 and 10 months of age in females and males, 


Mammary tumorigenesis 
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Fic.3. Mammary gland contents of nucleic acids in 


hGH (+) (§) and hGH (—) ( ) mice (Mean 
+SEM). Number of estimates is in each column. 
* or ** Significantly higher than hGH (—) group at P 
<0.05 or 0.01. 
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Fic. 5. Cumulative incidences of mammary tumors in 
hGH (+) (@) and hGH (—) (©) mice. Number of 
mice examined is in the parentheses. 


respectively. Meanwhile, the incidences in hGH 
(—) females and males were 25% and 0%, respec- 
tively, at 12 months of age. 

All tumors examined were diagnosed as adeno- 
carcinomas. 


Estrous cycle and ovarian histology 


While rather irregular, estrus appeared after 
every 2—5 days of diestrus in the cycle of hGH (—) 
mice. On the other hand, the cycle of hGH (+) 
mice was characterized to show continued estrous 


Fic. 4. Thymidylate synthetase (TS) and thymidine 
kinase (TK) activities in the mammary glands of 
hGH (+) (HD) and hGH (—) ( ) mice (Mean 


+SEM). Number of estimates is in the parentheses. 
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stage. In accord with these patterns of cycles, 
ovaries of the hGH (+) mice consisted only of 
follicles and lacked corpora lutea, whereas the 
ovaries of hGH (—) mice contained both follicles 
and corpora lutea at different developmental 
stages. These features in ovaries were quite similar 
to those reported by Tojo et al. [23]. 


Serum mPRL level (Fig. 6) 


In either females or males, mPRL level at 2 
months of age was different little between hGH 
(+) and hGH (—) groups. Meanwhile, the level 
at 4 months was apparently higher in hGH (+) 
mice than in hGH (—) mice. 
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Fic. 6. Serum levels of mouse prolactin (mPRL) in 
hGH (+) (BRB) and hGH (—) ( ) mice (Mean 
+SEM). Number of estimates is in the column. 

* Significantly higher than hGH (—) group at P< 
0.05. 


Serum mGH level (Fig. 7) 


At 2 months of age, mGH level tended to be 
lower in hGH (+) mice than in hGH (—) mice in 
both females and males. The quite opposite situa- 
tion was observed at 4 months of age; In both 
females and males, mGH level was apparently 
higher in hGH (+) than in hGH (—) mice. 
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Fic. 7. Serum levels of mouse growth hormone (mGH) 


in hGH (+) (MB) and hGH (—) ({__]) mice 
(Mean+SEM). Number of estimates is in each 
column. 

* Significantly higher than hGH (—) group at P< 
0.05. 


DISCUSSION 


General features of mammary glands show that 
in both female and male transgenic mice mammary 
gland growth was much enhanced. The precocious 
stimulation of mammary gland growth in these 
mWAP/hGH female mice coincides well with the 
results obtained in hGH transgenic females with 
hydroxymethylglutaryl coenzyme-A reductase 
enhancer/promoter [2]. In this study, both TS and 
TK activities were apparently higher in transgenic 
mice than in non-transgenic mice of males at 4 
months of age, but TK activity was apparently 
lower in transgenic females. This indicates that the 
growth of mammary glands of transgenic females 
was rather static at 4 months, while the glands of 
transgenic males still continued to proliferate at 
this age. 

Tornell et al. [24, 25] reported the mammary 
tumorigenesis in the limited number of 
metallothionein/hGH transgenic females. How- 


ever, the mammary tumor potential was much 
higher in our transgenic females than theirs. In- 
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duction of mammary tumors in mice is a multi- 
factorial process involving genetic predisposition. 
Our transgenic mice were generated by backcros- 
sing of the transgenic males to females of SHN, a 
high mammary tumor strain [17, 20], while those 
of Tornell et al. [24, 25] were (CS7BLXxDBA/ 
2J)F2. 

This would be the first paper reporting the 
mammary gland growth of hGH transgenic male 
mice. In this study, both normal and neoplastic 
growth of mammary glands of mWAP/hGH trans- 
genic male mice was stimulated, which was not so 
marked as observed in transgenic females, but was 
much higher than seen in male SHN mice with 
pituitary grafts [11]. The finding strongly suggests 
that hGH may participate also in mammary gland 
growth of males. 

At 2 months of age, serum mGH levels of both 
female and male transgenic mice were much lower 
than those in non-transgenic mice. This would be 
principally attributed to the negative feedback by 
the high hGH in the circulation. On the other 
hand, mPRL was not affected by hGH in either 
females or males. One paper is available on mPRL 
in hGH transgenic mice [4], in which a slight but 
significant decline of circulating mPRL level in 
metallothionein/hGH transgenic (CS7BLxX 
C3H)F1 female mice at 2-3 months of age. The 
circulating hGH level of their mice was different 
from ours. At 4 months of age, serum levels of 
both mGH and mPRL were apparently higher in 
transgenic mice than in non-transgenic animals of 
both sexes. Tanaka et al. [21] examined immuno- 
histochemically an anterior pituitary of mWAP/ 
hGH transgenic female mouse at 8 months of age 
and detected no staining of mGH cells and much 
stimulated staining of mPRL cells. The interrela- 
tion between hormones in hGH transgenic mice is 
rather complicated and further study is needed to 
clarify the problems. 

Endocrine background in the stimulation of 
normal and neoplastic mammary gland growth in 
hGH (+) mice is also unclear at present. Howev- 
er, some possibilities can be provided. At 2 


months of age, hGH itself would mostly contribute 
to the stimulation of mammary gland growth in 
both females and males, since no difference was 
observed in plasma mPRL between hGH (+) and 


hGH (—) mice and mGH was lower in the hGH 
(+) mice than in hGH (—) mice of both sexes. 

At 4 months, both mPRL and mGH were higher 
in hGH (+) mice than in hGH (—) mice and the 
participation of these hormones as well as hGH 
was suggested. 

In any case, the significance of estrogen in 
normal and neoplastic mammary gland growth 
should not be neglected. The hGH (+) female 
mice showed continued estrus and their ovaries 
consisted mostly of follicles, indicating the con- 
stant release of estrogen. One role of estrogen in 
mammary glands is to increase cell susceptibility to 
prolactin and another is to stimulate the pituitary 
prolactin secretion [9]. 
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In vitro Evidence for a Neural Factor(s) Involved in the 
Proliferation of Adenohypophysial Primordial 
Cells in Fetal Rats 


YuicH! G. WATANABE and MANABU SHIRAI 


Department of Biology, Faculty of Science, Niigata University 
Niigata 950-21, Japan 


ABSTRACT— Our previous in vitro data have shown that proliferative activity of adenohypophysial 
primordial cells of the rat drops markedly after removal of the developing diencephalic floor. In this 
study, we transplanted the diencephalic floor to an area of the adenohypophysial primordium that had 
originally not been in contact with the brain. This transplantation experiment was carried out on day 
13.5 of fetal age, when most of the proliferating adenohypophysial cells are directed toward the 
developing brain. DNA-replicating cells in the culture explants were revealed one day later by 
incorporation of bromodeoxyuridine (BrDU) followed by its detection by the use of a monoclonal 
antibody. 

The results of the transplantation experiments differed, depending on which part of the primordium 
came in contact with the neural tissue. If the diencephalic floor was attached to the dorsal half of the 
adenohypophysial primordium, a new brain-dependent pattern of cell proliferation took place in the 
explants. Transplantation of the diencephalic floor, on the other hand, to the ventral half of the 
developing adenohypophysis resulted in a decrease in the proliferative rate of the adenohypophysial 
cells. The cell proliferative activity of brain-deprived adenohypophysial explants was very low. Thus 
the results of our study show that the presumptive neural factor(s) contained in the developing brain 


affects only dorsally located cells of the adenohypophysial primordium. 


INTRODUCTION 


The epithelio-mesenchymal interaction is the 
most well known and extensively studied subject 
that is essential for morphogenesis of most organs 
of epithelial origin. Whereas development of some 
epithelial tissues is under the inductive influence of 
the brain. For example, morphogenesis of the lens 
depends on the presence of the optic vesicle, or an 
outpocketing of the diencephalic wall [1, 9, 23]. 
Since the adenohypophysis arises in close associa- 
tion with the diencephalic floor [14], the possibility 
of a neural influence was investigated; and the 
results revealed a crucial role of the diencephalic 
floor in both proliferation [15] and differentiation 
{20, 21] of adenohypophysial primordial cells in 
the rat. At the early stage of development, cell 
proliferation occurs predominantly in the dorsal 
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half of the adenohypophysial primordium [15]. 
This may be interpreted as 1) the restricted diffu- 
sion of the presumptive neural factor or 2) the 
different responsiveness of primordial cells to the 
neural factor. To decide which of the two holds 
true, we investigated whether the transplantation 
of the diencephalic floor changes the pattern of cell 
proliferation in the developing adenohypophysis. 


MATERIALS AND METHODS 


Animals 


Sexually mature rats of the Sprague-Dawley 
strain were mated at night. If spermatozoa were 
found in the vaginal smears the next morning, 
noon of that day was designated as day 0.5 of 
gestation. 


Organ culture 


Pregnant rats on day 13.5 were anesthetized 
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stomodeum 


Fic. 1. Diagram illustrating the topological relationship 
between the adenohypophysial primordium and 
brain (B) or mesenchyme (stippled area), and the 
sites (DL, VM) to which brain or mesenchymal 
tissue was transplanted. DM, DL and VM indicate 
the dorso-medial, dorso-lateral and ventro-medial 
regions of the primordium, respectively. 


with ketamine hydrochloride solution. After 
laparotomy, fetuses were removed one by one and 
the basal part of the diencephalic vesicle with the 
adenohypophysial primordium (Fig. 1) was iso- 
lated in Ca- and Mg-free Hanks solutions with the 
aid of a dissecting microscope. Primordial tissue 
was then treated with a mixture of an equal part of 
0.3% collagenase (Sigma, type V) and serum-free 
MEM (Gibco, Grand Island, New York) at room 
temperature. Separation of brain and/or mesen- 
chyme was done under a dissecting microscope 
with the aid of fine watchmaker’s forceps. After 
about 10 minutes of enzyme treatment, different 
combinations of culture explants were prepared as 
shown in Table 1. On occasion, a fragment of 


brain tissue was left to know the original brain- 
adenohypophysial contacting site. Each explant 
was placed on a piece of cellulose acetate mem- 
brane and cultured in a dish for organ culture 
(Falcon, no. 3037). As described elsewhere [15], a 
mark was made on the acetate membrane so that 
the orientation of the culture explants in histolog- 
ical sections would be known. Cultures were 
maintained in aMEM containing 0.1% fetal calf 
serum and 30mM glucose. One day after organ 
culture, bromodeoxyuridine (BrDU) was added to 
the medium at a concentration of 6 ug/ml. Three 
hours later explants were fixed overnight in 
Bouin’s solution. The cellulose acetate mem- 
branes were removed in the course of dehydration 
in ethanol. 


Immunohistochemistry 


After embedding in Paraplast, sections were cut 
at 2 um with the use of glass knives. Depara- 
ffinized sections were incubated with a monoclonal 
antibody against BrDU for 1hr and then with 
peroxidase-conjugated anti-mouse IgG for 30 min. 
The reaction product was then visualized with 
3,3’-diaminobenzidine tetrahydrochloride solution 
containing HO >. The antisera and BrDU solution 
were purchased from Amersham(UK). Some sec- 
tions were simply stained in Caracci’s hematoxylin 
solution to confirm the results of the transplanta- 
tion. In each explant, the largest profile of section 
was selected and the number of BrDU-labelled 
nuclei was counted at a magnification of 400 x. 


TABLE 1. Incidence of BrDU-labelled cells in adenohypophysial explants in different culture 
conditions 
Tissues co-cultured Dorsal half Ventral 
Brain Mesenchyme " Left Right halt 
intact — 6 133.0+7.6 111.3+10.4 18.9+2.5 
— — 4 15.5+1.3 12.0+ 2.3 5.0+2.4 
transplanted — 3 35.3+4.3 266.0 +20.5* 10.3+3.4 
to area DL 
transplanted — 3 8.343.2 6.3+ 0.9 8.7+1.2* 
to area VM 
— intact 3 12.0+4.4 Wesae ies) 4.3+1.9 


(area DL-VM) 


Values are means+S.E. 
* brain-transplanted portion. 


For explanations of areas DL and VM, see Figure 1. 
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Fics. 2-7. Sections through rat adenohypophysial primordia separated on fetal day 13.5 and cultured for 2 days. All 
of these sections except that in Figure 5 were immunostained with anti-BrDU that had been incorporated 3 h 
before fixation. Figures are all oriented with the dorsal side of the primordium at the top. 100. Fic. 2. Explant 
cultured with a part of brain (B). Most of BrDU-labelled cells are seen in the dorsal half of the primordium. Fic. 
3. Explant cultured without brain tissue. The incidence of BrDU-labelled cells is low. Fic. 4. Explant cultured 
with mesenchyme (M). Adenohypophysis contains a small number of labelled cells. Fic.5. Explant after 
transplantation of the brain (TB) to the dorso-lateral region of the primordium. In this explant a small fragment 
of brain tissue (arrow) was intentionally left to confirm the original site where the brain was attached to 
adenohypophysis. Hematoxylin stain. Fic.6. A consecutive section of the explant shown in Figure 5. 
BrDU-labelled cells are observed toward the transplanted brain (TB). The boundary of the brain and 
adenohypophysis is shown by arrowheads. Fic. 7. Explant after transplantation of the brain (TB) to the 
ventro-medial part of the primordium. The incidence of labelled cells is very low. 
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The incidence of labelled cells was compared in 
different three regions, or the ventral and dorsal 
(right and left) halves of adenohypophysial tissue. 


RESULTS 


When the diencephalic floor was left intact, 
many BrDU-labelled cells were observed in ade- 
nohypophysial tissue (Table 1). Most of these 
labelled cells were in the dorso-medial (DM) re- 
gion of the adenohypophysis, where the brain was 
attached (Fig. 2). In hematoxylin-stained sections, 
mitotic figures were frequently seen. Enzymatic 
removal of the diencephalic floor and mesenchym- 
al tissue resulted in a marked decrease in the rate 
of cell labelling (Fig. 3 and Table 1). This pro- 
found decrease in the incidence of labelled cells 
was also observed in explants with mesenchyme 
left intact (Fig. 4 and Table 1). In these explants, 
mesenchymal tissue was in contact with most of the 
margin of the adenohypophysis including the dor- 
so-medial region where the brain was attached. 
Although labelled cells were slightly more numer- 
ous in number in the dorsal part of the adenohy- 
pophysis than elsewhere, the overall labelling inci- 
dence was far less when compared with those 
explants maintained with the brain. 

Transplantation of the diencephalic floor to the 
dorso-lateral (DL) part of the adenohypophysial 
primordium (Fig. 5) caused a remarkable change 
in the pattern of cell proliferation. The dorso- 
medial part (DM) of the adenohypophysial tissue, 
where the brain was originally attached, contained 
only a small number of labelled cells. In contrast, 
many labelled cells were seen in the new brain- 
contact area of adenohypophysial tissue (Fig. 6 
and Table 1). This change in localization of pro- 
liferating cells was observed only when the 
diencephalic floor was transplanted to the dorsal 
half of the adenohypophysial primordium. The 
incidence of BrDU-labelled cells was quite low 
when the brain was removed and attached to the 
ventro-medial area (VM) of the primordium (Fig. 
7 and Table 1). 


DISCUSSION 


There is a close similarity between the develop- 


ment of the adenohypophysis and lens. The rudi- 
ments of both of these organs thicken and invagi- 
nate keeping in contact with the outgrowth of the 
diencephalic vesicle. Development of the lens has 
been studied more frequently than that of the 
adenohypophysis. The experimental evidence in- 
dicates that the optic vesicle of the diencephalon 
induces formation of the lens in vertebrates [1, 7, 
9, 10, 18]. On the other hand, mesenchymal tissue 
is believed to hinder normal morphogenesis of the 
lens. In fact mesenchymal cells located between 
the optic vesicle and lens placode become necrotic 
and are resorbed in a normal mouse fetus [17]. 
Further, in anophthalmic mice mesenchymal cells 
fail to degenerate and consequently hinder the 
intimate contact of the optic vesicle and lens 
placode [17] which is necessary for normal de- 
velopment of the lens. 

It has been generally accepted that an early 
event in the differentiation of a rudiment exposed 
to an inductive stimulus is an increase in the rate of 
mitosis of the primordial cells [6, 12, 13, 24]. In 
the present study, the rate of proliferation of 
adenohypophysial primordial cells increased 
markedly in the presence of the brain. 

In a series of in vitro experiments using fetal 
rats, we have found that the developing dienceph- 
alic floor is essential for the proliferation and dif- 
ferentiation of adenohypophysial cells [15, 16, 20, 
21]. The results of the present study further 
suggest that the developing diencephalon contains 
a neural factor that stimulates the early prolifera- 
tion of the adenohypophysial primordial cells. 
Although it is not known how this neural factor 
reaches the adenohypophysial tissue, it seems of 
interest to compare the pattern of cell proliferation 
of our explants with that of growth of other 
primordia that also require an inductive influence 
in vitro. In a transfilter culture experiment, cell 
proliferation of metanephrogenic mesenchyme 
was not confined to the area of the membrane filter 
whose undersurface faced the inductor; thus, *H- 
incorporating metanephrogenic cells were distrib- 
uted homogeneously in these explants [13]. On 
the other hand, most of *H-thymidine labelled 
cells in the stimulated pancreatic primordium were 
localized near the peripheral region of the ex- 
plants, without any topological relation to the 
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inductive stimulus [24]. In view of these observa- 
tions together with our finding, it may be general 
phenomenon that the stimulus which augments the 
proliferation rate of primordial cells is somehow 
transmitted even to those cells that are not in 
direct contact with the inductive tissue. 

It is of interest to compare the results of our 
experiment with studies done on the human 
anencephalic fetuses whose adenohypophysial pri- 
mordium often fails to contact with the brain [2-4, 
8]. The adenohypophysis in anencephalic babies is 
extremely variable in size [2]. The blood sinusoids 
in the anencephalic hypophysis are much greater 
than in normal glands [8]. This means that a mere 
comparison of the organ weights in question is 
insufficient for evaluation of tissue growth. There- 
fore, the volume of the anencephalic adenohy- 
pophysis was estimated after correction for the 
amount of blood in the sinusoids and disclosed that 
the adenohypophysial malgrowth in anencephaly 
was not observable until 7 months of fetal age [4]. 
In view of the data indicating that the brain- 
adenohypophysial relationship develops rather 
normally at the early fetal stage [19], initial growth 
of the adenohypophysis may take place at a normal 
rate in anencephalic babies. Further studies are 
necessary to investigate to what extent the brain is 
involved in growth of the human adenohypophysis 
in congenital anomalies. 

The developing adenohypophysial primordium 
of fetal rats can be roughly divided into two parts 
on the basis of the rate of cell proliferation [15]. 
The higher rate of cell proliferation in the dorsal 
(adneural) half of the primordium was already 
discussed as above in relation to the brain. The 
ventral half of the adenohypophysial primordium, 
on the other hand, has only a small number of 
proliferating cells. Does this mean that ventrally 
located mesenchyme inhibits proliferation of ade- 
nohypophysial primordial cells? This possibility is 
unlikely because 1) removal of mesenchyme failed 
to augment the proliferative rate of adenohy- 
pophysial cells, and 2) transplantation of neural 
tissue to the ventral part of the primordium did not 
change the incidence of cell proliferation. At 
present it is not known why those ventrally situ- 
ated cells are insensitive in proliferation to the 
neural stimulus introduced by transplantation. 


Apart from the exact mechanism of such cell 
proliferation, it seems of interest that most types of 
hormone-producing cells first appear in the ventral 
half of the developing adenohypophysis in the rat 
[11, 22]. The nature of the BrDU-labelled cells is 
not known since no cells are reactive to antisera to 
adenohypophysial hormones at the developmental 
stage examined. In a prolonged culture experi- 
ment, we have observed that some of these label- 
led cells differentiated to LH, ACTH and PRL 
cells (Shirai and Watanabe, unpublished observa- 
tion). 

In the present transplantation experiments, our 
interest was focused on the diencephalic floor 
which is destined to make contact with the ade- 
nohypophysial rudiment. It is of interest to inquire 
whether only this region of the brain or other parts 
of the brain also have a stimulatory influence on 
proliferation of adenohypophysial primordial cells. 
The size of adenohypophysial explants co-cultured 
with part of the telencephalic roof was remarkably 
smaller than that of cultures kept with the anterior 
or posterior diencephalic floor [5]. Our most 
recent experiments have shown that brain tissues 
other than the diencephalic floor had little effect 
on cell proliferation of the adenohypophysial pri- 
mordium [16]. 


ACKNOWLEDGMENTS 


We would like to thank Dr. M. Fingerman for critical 
reading of the manuscript. 


REFERENCES 


1 Alexander LE (1937) An experimental study of the 
role of optic cup and overlying ectoderm in lens 
formation in the chick embryo. J Exp Zool 75: 41- 
73 

2 Angevine DM (1938) Pathologic anatomy of 
hypophysis and adrenals in anencephaly. Arch 
Pathol 26: 507-518 

3 Barlow DL (1923) Apituitarism and the anencepha- 
lic syndrome. Brit Med J 1: 15 

4 Covell WP (1927) A quantitative study of the 
hypophysis of the human anencephalic fetus. Am J 
Pathol 3: 17-28 


5 Daikoku S, Chikamori M, Adachi T, Maki Y (1982) 
Effect of the basal diencephalon on the development 
of Rathke’s pouch in rats: a study in combined organ 
cultures. Dev Biol 90: 198-202 


10 


11 


12 


13 


976 


Levine S, Pictet R, Rutter WJ (1973) Control of cell 
proliferation and cytodifferentiation by a factor 
reacting with the cell surface. Nature New Biol 246: 
49-52 

Lewis WH (1907) Lens-formation from strange 
ectoderm in Rana sylvatica. Am J Anat 7: 145-169 
Mauksch H (1921) Das Verhalten der Hypophyse 
und des Canalis craniopharyngeus in neun Fallen 
von Kranioschisis untersucht. Anat Anz 54: 248-264 
McKeehan MS (1951) Cytological aspects of 
embryonic lens induction in the chick. J Exp Zool 
117: 31-64 

Muthukkaruppan V (1965) Inductive tissue interac- 
tion in the development of the mouse lens in vitro. J 
Exp Zool 159: 269-288 

Nemeskéri A, Sétal6 G, Halasz B (1988) Ontogene- 
sis of the three parts of the fetal rat adenohypoph- 
ysis. A detailed immunohistochemical analysis. 
Neuroendocrinology 48: 534-543 

Ronzio RA, Rutter WJ (1973) Effects of a partially 
purified factor from chick embryos on macromolecu- 
lar synthesis of embryonic pancreatic epithelia. Dev 
Biol 30: 307-320 

Saxén L, Salonen J, Ekblom P, Nordling S, (1983) 
DNA synthesis and cell generation cycle during 
determination and _ differentiation of the 
metanephric mesenchyme. Dev Biol 98: 130-138 
Schwind JL (1928) The development of the hypoph- 
ysis cerebri of the albino rat. Am J Anat 41: 295-319 
Shirai M, Watanabe YG (1992) Effect of brain on 
proliferative activity of adenohypophysial primor- 
dial cells in vitro. Zool Sci 9: 625-632 


The effect of 


Shirai M, Watanabe YG (1992) 


17 


18 


19 


20 


21 


22 


23 


24 


Y. G. WATANABE AND M. SHIRAI 


different regions of brain tissue on cell proliferation 
of the adenohypophysial primordium. Zool Sci 9 
:1260 

Silver J, Hughes AFW (1974) The relationship 
between morphogenetic cell death and the develop- 
ment of congenital anophthalmia. J Comp Neurol 
157: 281-302 

Van der Starre H (1977) Biochemical investigation 
of lens induction in vitro. I. Induction properties of 
the eye cup and ectodermal response. Acta Morphol 
Neer-Scand 15: 275-286 

Vogel FS (1961) The anatomic character of the 
vascular anomalies associated with anencephaly. 
Am J Pathol 39: 163-174 

Watanabe YG (1982) Effects of brain and mesen- 
chyme upon the cytogenesis of rat adenohypophysis 
in vitro. 1. Differentiation of adrenocorticotropes. 
Cell Tissue Res 227: 257-266 

Watanabe YG (1985) Effects of brain and mesen- 
chyme upon the cytogenesis of rat adenohypophysis 
in vitro. Il. Differentiation of LH cells. Cell Tissue 
Res 242: 49-55 

Watanabe YG, Daikoku S (1979) An immunohis- 
tochemical study on the cytogenesis of adenohy- 
pophysial cells in fetal rats. Dev Biol 68: 557-567 
Webster EH Jr, Silver AF, Gonsalves NI (1984) 
The extracellular matrix between the optic vesicle 
and presumptive lens during lens morphogenesis in 
an anophtalmic strain of mice. Dev Biol 103: 142- 
150 

Wessells NK (1964) DNA synthesis, mitosis, and 
differentiation in pancreatic acinar cells in vitro. J 
Cell Biol 20: 415-433 


ZOOLOGICAL SCIENCE 10: 977-982 (1993) 


© 1993 Zoological Society of Japan 


Histological Differences between the Color Patterns of Two Strains 
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ABSTRACT— We examined histological differences between the color patterns of two strains of the 
compound styelid ascidian Polyandrocarpa misakiensis. Two strains in this species show different color 
patterns. In the white-spot strain, each zooid has a large white spot on its dorsal side between the 
branchial and atrial siphons. In the spotless strain, each zooid has a fine white band, instead of the 
circular spot, between the siphons. Thin-layer chromatography on their pigments showed that there is 
no qualitative difference between the two strains. Observation of cryostat sections revealed that the 
differences between the color patterns of the two strains were mainly based on the distribution of red 
pigments in the epidermal layer. The area that lacks red pigments forms a circular white spot in the 
white-spot strain or a fine white band in the spotless strain on the dorsal side. In this area, white 
pigment cells (a type of blood cell), which are distributed in the mesenchymal space, can be seen 


through the epidermal layer. 


INTRODUCTION 


In 1970, a new species of compound styelid 
ascidian was collected in Misaki, Kanagawa Pre- 
fecture, Japan, and it was named Polyandrocarpa 
misakiensis [12]. The zooids of this colony were 
red, and each zooid had a fine white band in the 
area between its branchial and atrial siphons. 
Later, another colony of the same species was 
collected in Shimoda, Shizuoka Prefecture. Each 
zooid of this colony had a large white spot, rather 
than a fine band, on its dorsal area between the 
branchial and atrial siphons. Based on these color 
patterns, the latter was named the white-spot 
strain (WSS), and the former was named the 
spotless strain (SLS; see Fig. 1; [2]). 

Descendant clones of this species have arisen by 
asexual reproduction from the first zooids that 
were collected (unpublished data). Their pheno- 
types are very stable through asexual reproduction. 
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In this species, a functional zooid can be regener- 
ated from a small fragment of a zooid [9]. There- 
fore, much work has been done on morphogenesis 
during asexual reproduction and regeneration in 
this species [1-4, 7-11]. Furthermore, in this 
species, situs inversus zooids are easily induced 
experimentally from the normal zooids [7], and 
chimeric zooids can be produced by the fusion of 
body fragments derived from zooids of different 
strains [11]. 

Chimeras between two different strains have 
been used for the study on the regulation of 
morphogenesis, and in that study colormorph is 
used as a marker for identifying the origin of each 
component in a chimera [2, 3, 11]. Although the 
two colormorphs of P. misakiensis are very useful 
for such morphogentic studies, the basic know- 
ledge about their color patterns is very little. For 
example, it is not known whether pigments are 
deposited in the free coelomocytes or epithelial 
cells, nor what causes the difference in color 
pattern between the two strains. In this work, we 
studied histologically of the color patterns of the 
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Fic. 1. 


Two phenotypes with different color patterns in Polyandrocarpa misakiensis. 


A: Blastozooids of the 


white-spot strain. Each zooid has a large, circular white spot on the dorsal side between the branchial and atrial 
siphons. B: Blastozooids of the spotless strain. Each zooid has a fine white band on the dorsal side between the 


branchial and atrial siphons. Scale bar, 10 mm. 


SLS and WSS strains of P. misakiensis. 


MATERIALS AND METHODS 


Animals 


Blastozooids of two strains, spotless strain (SLS) 
and white-spot strain (WSS) of Polyandrocarpa 
misakiensis were used. SLS and WSS were derived 
from colonies collected in Misaki and Shimoda, 
respectively. Both strains were reared on glass 
slides in culture boxes immersed in Nabeta Bay 
near Shimoda Marine Research Center, University 
of Tsukuba. 


Thin-layer chromatography 


For thin-layer chromatography, pigments were 
extracted with methanol from living animals of the 
SLS and WSS strains. The majority of the pig- 
ments was extracted with methanol immediately, 
and thereafter animals of the both strains became 
indistinguishable from each other. The extract was 
mixed with approximately an equal volume of 
diethylether. The pigments were transferred to the 
ether layer by shaking with a 10% NaCl solution. 
After 3 to 4 washing with the NaCl solution, two 


layers appeared. The bottom layer methanol and 
NaCl solution was removed, and the upper layer 
ether which contained the pigments, was used (see 
Yokohama [13]). The pigments of the SLS and 
WSS strains were compared by thin-layer chroma- 
tography on Kieselgel 60 (Merck) by the ascending 
method. The solvent was petroleum ether :ac- 
etone (7:3). 


Histological preparation 


Animals were fixed in 10% formalin in seawater. 
Thereafter, they were rinsed, dehydrated with 
alcohol, and embedded in paraffin. All specimens 
were cut transversally into sections of 10 ~m thick 
and stained with Mayer’s hematoxylin and 1% 
eosin. For observation of cryostat sections, fresh 
specimens were embedded in O.C.T. compound 
and were cut transversally into sections of 12 ~m 
thick at —30°C to —25°C. The paraffin and 
cryostat sections were examined by light micro- 
scope. 


Observation of live blood cells 


The tunic and epidermis were surgically re- 
moved from animals and blood cells (or coelomo- 
cytes) were collected from an open wound with 
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Pasteur capillary pipettes. These were examined 
using a differential interference contrast micro- 
scope, a darkfield microscope, and a fluorescence 
microscope. 


RESULTS 


Thin-layer chromatography 

Color pigments of the SLS and WSS strains were 
analyzed by thin-layer chromatography. As shown 
in each lane in Figure 2, two clear spots are found, 
with Rf values 0.49 (orange color, arrowheads) 
and 0.73 (red color, arrows). There are also some 
faint spots of pigments. However, there were no 
qualitative differences among the pigments of 
these two strains. 


Histological observation 


In P. misakiensis, a zooid consists of two en- 
velopes of cell layers: the outer one is the 


A B 


Fic. 2. Kieselgel thin-layer chromatograms of the pig- 
ments from two strains of P. misakiensis. The 
developing solvent is petroleum ether and acetone 
(7:3, v/v). A: White-spot strain. B: Spotless strain. 
Arrows: 0.73 Rf value (red color). Arrowheads: 
0.49 Rf value (orange color). 


epidermal layer and the inner one is the peribranc- 
hial wall (Fig. 3). The tunic matrix covers the 
epidermal layer, between the epidermal layer and 
the peribranchial wall is the mesenchymal space, 
where blood cells, muscles and the ganglion exist. 
The branchial sac, stomach, intestine, and endo- 
style are surrounded by the peribranchial wall. No 
morphological differences were found between 
WSS and SLS based on observations of paraffin 
sections because the pigments in the specimens 
were extracted by alcohol during the dehydration 
process. On the other hand, a clear difference was 
observed between them in cryostat sections (Figs. 
4A, and 4B). Ina WSS zooid, the red pigments in 
the epidermal layer are not present in the area of 
the large white circular spot between the branchial 
and atrial siphons. In contrast in a SLS zooid, red 
pigments are distributed throughout the entire 
epidermal layer except for the fine white band 


Fic. 3. Transverse section of a zooid of the spotless 
strain, stained with Mayer’s hematoxylin and eosin. 
t:tunic, ep: epidermal layer, ms: mesenchymal 
space, pw: peribranchial wall, bs: branchial sac, en: 
endostyle. g: ganglion. Scale bar, 200 ~m. 


980 T. Ison, Y. Saito AND Y. TANEDA 


Fic. 5. 
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between the branchial and atrial siphons. The 
orange-colored pigments were distributed near the 
tunic surface of both strains (see Figs. 4A and 4B). 


Observations of live blood cells 


A piece of tissue containing the white pigmenta- 
tion was removed from live animals of both strains 
and examined using differential interference con- 
trast microscope, darkfield microscope, and 
fluorescence microscope. The white material was 
found in a type of blood cell in both strains (Fig. 
5). These cells were about 10 um in diameter, and 
the white material inside them was autofluorescent 
under blue-light excitation. The autofluorescence 
of this material was also observed in cryostat 
sections, and the cells containing the white mate- 
rial are present in the mesenchymal space (Figs. 
4C and 4D). These blood cells are distributed in 


spotless 
Fic. 6. [Illustrations of transverse sections of WSS and 
SLS zooids. Top: In WSS red pigments in the 


epidermal layer are absent in the area between the 
two arrows. Bottom: In SLS red pigments occur up 
to the vicinity of the ganglion. wc: white cells, rp: 
red pigments. 


the mesenchymal space of zooids of each strain. In 
Figures4A and 4B, these blood cells were 
observed as black because of observations under 
penetrating light. It seems that there are more of 
these cells in WSS than in SLS. 


DISCUSSION 


Observation of paraffin sections could not reveal 
the origin of the difference between the color 
patterns. Observation of cryostat sections re- 
vealed that the red pigments were distributed in 
the epidermal layer. Kawamura [1] reported that 
in a palleal bud of this species orange-colored 
pigments were deposited in cells of the epidermal 
layer and the peribranchial wall. He examined 
cryostat sections of fixed palleal buds. We tried to 
use fixed adult zooids as well as living ones, but it 
was too difficult to get a good section in which the 
peribranchial wall appeared as a distinct cell layer 
because that wall is so thin in an adult zooid. If the 
peribranchial wall showed red and/or orange 
colors strongly in an adult zooid, we could detect 
that pigments as a layer. Therefore, the peribran- 
chial wall in a adult zooid may have less pigments 
than that in a bud, although we can not comment 
obviously whether the peribranchial wall has 
orange-colored pigments in adult zooids. As the 
red pigments were clearly observed in cells of the 
epidermal layer, which lies outside the peribran- 
chial wall, we concluded that the peribranchial 
wall did not contribute to the differences in color 
patterns. 

In the tunic, there were the orange-colored 
pigments of both strains. The orange-colored 
pigments were present in the whole tunic even 
above the nonpigmented epidermal layer. How- 
ever there were no differences between the two 
strains with respect to distribution of orange- 
colored pigments. Therefore the orange-colored 
pigments in the tunic surface did not contribute to 


Fic. 4. Transverse cryostat sections of zooids of the two strains. A, C: White-spot strain. B, D: Spotless strain. 
A,B:Images under light microscope. C, D: Images under fluorescence microscope under blue-light excitation. 


Arrows indicate the red pigments in the epidermal layer. 


mesenchymal space. Scale bars, 200 um. 
Fic. 5. 


Arrowheads indicate white pigment cells in the 


A white pigment cell of P. misakiensis. A: Image under Nomarski optics using a differential interference 


contrast microscope. B: Image under darkfield microscope. C: Image under fluorescence microscope. Scale 
bars, 20 »m. 
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the differences in color patterns. 

Many cells containing white pigments were 
found in the mesenchymal space of zooids of both 
strains. These pigments had a kind of crystal 
structure and showed Brownian movement. There 
were more white pigment cells in WSS than in 
SLS. In both WSS and SLS, many white pigment 
cells seemed to be trapped by fibrous substances in 
the mesenchymal space, especially in the area 
under the nonpigmented epidermal layer. That 
area was seen as a fine white band in SLS or as a 
large, circular white spot in WSS. As shown in 
Figure 6, the color of the white pigment cells in the 
mesenchymal space can be seen through the non- 
pigmented epidermal layer. Mukai [6] reported 
that an accumulation of pigment cells in the buds 
and zooids of Botryllus primigenus occurred in an 
area illuminated at a light intensity above a par- 
ticular threshold. The accumulation of white pig- 
ment cells in P. misakiensis may also involve the 
intensity of light penetrating through the tunic and 
epidermal layer. Based on morphological fea- 
tures, these white pigment cells may be the same 
cells that Milanesi and Burighel [5] called nephro- 
cytes. They reported that the nephrocyte was a 
large cell with numerous “granules” exhibiting 
Brownian movement in large vacuoles. If the 
white pigment cell of P. misakiensis is a nephro- 
cyte, it seems reasonable that the white pigment 
cells increase in number as the animals become 
older, because it is thought that the nephrocyte 
stores metabolic products. 

In summary, we have found that the differences 
between the color patterns of two strains of P. 
misakiensis depend on the distribution of red pig- 
ments in the epidermal layer. Thus, these two 
colormorphs can be used for chimera experiments, 
employing the epidermal cell marker. 
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ABSTRACT—Two photoperiodic responses manifested by adults were compared at 25°C in the bean 
bug, Riptortus clavatus (Thunberg) (Heteroptera, Alydidae). There was on specific instar or stage 
sensitive to photoperiod that determined both the induction of diapause and seasonal forms. Long-day 
conditions and constant darkness prevented diapause, whereas short-day conditions induced it. No sex 
difference was observed in the photoperiodic response curve for the induction of diapause. In males, 
the curve for the determination of seasonal form was similar to that for the induction of diapause. In 
females, some long-day adults emerged with body coloration similar to that observed under short-day 
conditions, but the response curve resembled that in males and that for the induction of diapause in 
both sexes. Under conditions near critical daylengths, there was a close relationship between diapause 
and seasonal form, although this relationship was not perfect. These results may indicate a common 


time-measurement system for the two phenomena. 


INTRODUCTION 


In many insects, photoperiod controls both mor- 
phological polyphenism and diapause [1] and a 
threshoid response is common to the two phe- 
nomena [5, 7, 12, 19]. However, Kato and Hase- 
gawa [10] showed that, in Sasakia charonda (Lepi- 
doptera, Nymphalidae), the critical daylength for 
the induction of long-horn larvae is a little longer 
than that for the induction of larval diapause. In 
Aquarius paludum (Heteroptera, Géerridae), 
Harada and Numata [8] recently showed that the 
critical daylength for the induction of macropter- 
ous adults is about 45 min longer than that for the 
induction of adult diapause. It is of interest, 
therefore, to extend the comparison of the photo- 
periodic control between diapause and morpholo- 
gical polyphenism in other species. 

In the bean bug, Riptortus clavatus, Kidokoro 
[13] was the first to demonstrate that the induction 
of adult diapause is controlled by photoperiod. 
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Numata and Hidaka [14] examined the photo- 
periodic response curve for diapause in females. 
In this species, males also enter an adult diapause, 
in response to photoperiod [15, 16]. Photoperiod 
also affects the body coloration of adults, and this 
can be regarded as an example of seasonal 
polyphenism [14]. Thus, adults of this species 
show two photoperiodic responses controlling di- 
apause and seasonal form, respectively. In this 
study, we compared the photoperiodic response 
curve between the two responses and determined 
the stages sensitive to photoperiod. Our results 
lead us to suggest the existence of a common 
time-measurement system for the two responses. 


MATERIALS AND METHODS 


Insects 


Adults of R. clavatus were collected in legume 
fields in Kyoto City, Japan (35°00°N, 135°45’E) 
and their eggs were used for the experiments. 
Nymphs were reared, as described earlier [14], 
under various photoperiodic conditions at 25+ 
1°C. After adult emergence, the insects were 
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reared as pairs (one male and one female) in 
200-ml plastic cups. 


Diapause status 


Ten days after adult emergence, the insects were 
dissected to assess the reproductive status. If yolk 
deposition was not observed in oocytes, the female 
was judged to be in diapause [14]. When the width 
of the erection fluid reservoir, the sac of the 
ectadene accessory gland, was less than 1 mm, the 
male was judged to be in diapause [16]. 


Body coloration 


Body coloration was assessed 10 days after adult 
emergence. Although the coloration of various 
areas of body surface differed between long-day 
and short-day adults, the most conspicuous differ- 
ence was found in the number and area of white 
spots on the lateral metathorax. In this study, 
therefore, we calssified adults on the basis of the 
coloration of the lateral metahorax. Males were 
classified into five grades and females, which were 
darker and less variable in body coloration than 
males, into only three grades (Fig. 1). In the field, 


Fic. 1. 


2 


Grades of body coloration in adults of Riptortus clavatus, based on the white spots on the lateral metathorax. 
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males in grades 1-3 and females in grades 1-2 are 
common in summer, whereas males in grades 4-5 
and females in grade 3 are predominant in autumn 
and in spring before adults of the first generation 
emerge (Kobayashi and Numata, unpublished). 
Therefore, we will refer the former as summer 
forms, and the latter as autumn forms. 
Tukey-type multiple comparison test was made 


for the proportion of diapause and autumn forms 
[20]. 


RESULTS 


Stage sensitive to photoperiod for the induction of 
diapause 


Insects reared constantly under typical long-day 
(16L-8D) conditions became nondiapause adults 
(Fig. 2A). Most females began to lay eggs within 
10 days of adult emergence. However, those 
reared constantly under typical short-day (10L- 
14D) conditions entered diapause (Fig. 2F). We 
transferred insects from short-day to long-day con- 
ditions and vice versa at various stages. When 


Males: grade 1, a single large spot; grade 2, two spots separated by a thin line; grade 3, two spots separated clearly 
but no black dots in the center of the anterior spot; grade 4, two separate spots and some black dots in the center 
of the anterior spot; grade 5, the posterior spot is very small. Females: grade 1, two spots with no black dots; 
grade 2, two spots and some black dots in the anteiror spot; grade 3, no posterior spot. 
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Fic. 2. Stages sensitive to photoperiod for the induction of adult diapause at 25°C in Riptortus clavatus. E, egg; I-V, 


nymphal instars; A, adult stage. n=19-52. 


transferred from long-day to short-day conditions 
at adult emergence, the insects failed to enter 
diapause (Fig. 2B). Exposure to short-day condi- 
tions after the fourth nymphal ecdysis showed a 
significant effect on the induction of diapause (P< 
0.001 in males, P<0.05 in females) (Figs. 2A and 
2C). All insects entered diapause when transfer- 
ted from long-day to short-day conditions at the 
third or the second nymphal ecdysis (Figs. 2D and 
2E). When transferred from short-day to long-day 
conditions at adult emergence, some males sexual- 
ly matured and some females started vitel- 
logeneisis (Fig. 2G), although no female laid eggs 
within 10 days of adult emergence. When transfer- 
red from short-day to long-day conditions at the 
fourth, third or second nymphal ecdysis, most or 
all insects became nondiapause adults and most of 
the females laid eggs within 10 days of adult 
emergence (Figs. 2H, 2I and 2J). Thus, the photo- 
period during the fourth or the fifth instar 
appeared to be most important in the induction of 
diapause. However, exposure to long-day condi- 
tions only during the fourth or fifth instar did not 


prevent diapause (Figs. 2K and 2L). The photo- 
period during the first three instars showed a 
significant effect if insects were exposed to long- 
day conditions during the fourth instar and trans- 
ferred to short-day conditions thereafter (P<0.001 
in both sexes) (Figs. 2C and 2K). 


Photoperiodic response curve for the induction of 
diapause 

Figure 3 shows the photoperiodic response 
curve for the induction of diapause. Short-day 
conditions from 6L-18D to 13L-11D induced di- 
apause, whereas long-day conditions, from 14L- 
10D to 24L-0D, prevented diapause. The critical 
daylength found within the range of natural day- 
lengths, was about 13.5hr. All adults but one 
male entered diapause at 13L-11D, whereas no 
adult did so at 14L-10D. Thus, the change in the 
incidence of diapause was rather abrupt cross the 
critical daylength. In a range from 4L-20D to 


OL-24D, the incidence of diapause gradually de- 
creased as the photophase decreased, and no adult 
entered diapause in continuous darkness. Almost 
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identical photoperiodic response curves were 
obtained in the two sexes. 


Stage sensitive to photoperiod for the determination 
of seasonal form 


We compared body coloration between long-day 
(16L-8D) and short-day (10L-14D) adults. Under 
long-day conditions, all male adults belonged to 
either grade 1, 2 or 3 except for one individual 
which attained grade 4. Most females were in 
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grade 1| or 2 with about 10% in grade 3 (Fig. 4A). 
Under short-day conditions, males in grades 4 and 
5 were obtained with one individual in grade 3, and 
all females were in grade 3 (Fig. 4E). 

The white spots on the thorax remained conspi- 
cuous and their size was not influenced by adult 
photoperiod. Therefore, the results of the ex- 
perimental regimes in which only adult conditions 
differed were combined in Figure 4. Exposure to 
short-day conditions only during the fifth instar 
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Stages sensitive to photoperiod for the determination of seasonal form at 25°C in Riptortus clavatus. E, egg; 
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had no significant effect on the seasonal forms in 
males (P>0.05) but significantly increased the 
incidence of autumn form in females (P<0.001) 
(Figs. 4A and 4B). When transferred from long- 
day to short-day conditions at the third nymphal 
ecdysis, about half the males and most of the 
females emerged as autumn forms (Fig. 4C). 
When the transfer was made at the second nym- 
phal ecdysis, all individuals became autumn forms 
(Fig. 4D). When transferred from sort-day to 
long-day conditions at the third or the second 
nymphal ecdysis, all males and more than half of 
the females became summer forms (Figs. 4G and 
4H). When insects were exposed to long-day 
conditions during the fourth instar and otherwise 
kept under short-day conditions, some summer 
forms appeared in both sexes (Fig. 41). Even 
though the duration of the fourth instar was short- 
er than that of the fifth instar, exposure to long- 
day conditions during the fourth instar produced 
significantly greater proportion of summer forms 
than that during the fifth instar (P<0.05 in males, 
P<0.001 in females) (Figs. 4F and 41). Thus, the 
photoperiod during the fourth instar appeared to 
be most important in determining the seasonal 
form. However, the photoperiod before the third 
nymphal ecdysis showed a significant effect if 
insects were kept under long-day conditions during 
the fourth instar and under short-day coditions 
during the fifth instar (P<0.001 in both sexes) 
(Figs. 4B and 41). The photoperiod in the fifth 
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instar had also a significant effect in insects ex- 
posed to short-day conditions during the first three 
instars and to long-day conditions during the 
fourth instar (P<0.001 in both sexes) (Figs. 4G 
and 41). 


Photoperiodic response curve for the determination 
of seasonal form 


Figure 5 shows the photoperiodic response 
curve for the determination of seasonal form. In 
males, a range of photoperiod from 6L-18D to 
12L-12D produced autumn forms, whereas the 
from 16L-8D to 24L-0D produced summer forms. 
The critical daylength falling in the ecologically 
relevant range was about 13.5 hr, as it was for the 
induction of diapause. Under extremely short days 
ranging from OL-24D to 4L-20D the proportion of 
autumn forms gradually decreased as the photo- 
phase decreased. In continuous darkness, all 
males became summer forms. The incidence of 
autumn forms was 81% at 13L-11D at which 96% 
entered diapause, and 15% under 14L-10D, where 
all adults failed to enter diapause. Consequently, 
the change in the incidence of autumn forms near 
the critical daylength was less abrupt than that in 
the incidence of diapause (Fig. 6). 

All or most females became autumn forms at a 
photoperiod ranging from 4L-20D to 13.5L-10.5D. 
Unlike the case for males, some autumn-form 
females appeared even under long-day conditions 
(16L-8D to 24L-0D) and in continuous darkness. 
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TABLE 1. Relationship between diapause and body coloration in males of 
Riptortus clavatus at 25°C 


No. of individuals 


Photoperiod : 
Total Diapause status ES o bed y Celerenee 5 
13.5L-10.5D 39 Nondiapause 1 7 6 1 0 
Diapause 0 2 5 11 6 
2L-22D 52 Nondiapause 3 11 20 6 0 
Diapause 0 0 3 7 2 

The critical daylength falling in the ecologically 
DISCUSSION 


relevant range slightly longer than 14 hr (Figs. 5 
and 6). 


Relationship between diapause and seasonal form 
under conditions near critical daylength 


At 13.5L-10.5D and 2L-22D, both diapause and 
nondiapause adults emerged, and all grades of 
body coloration were observed. Although the 
reproductive status and seasonal forms were not 
perfectly related, there was a significant correla- 
tion between them (P<0.001 by Fisher’s exact 
probability test for both conditions). Autumn 
forms tended to enter diapause, and summer forms 
especially in grades 1 and 2 tended to avert di- 
apause (Table 1). 


Adults of R. clavatus reproduced under long-day 
conditions from 14L-10D to 24L-0D, whereas they 
entered diapause under short-day conditions from 
6L-18D to 13L-11D at 25°C (Fig. 3). Numata and 
Hidaka [14] reported previously that this popula- 
tion fails to enter diapause at 4L-20D, although at 
the other photoperiods tested, their results con- 
form to those of the present study. This discrepan- 
cy observed at the extremely short daylengths may 
reflect the absence of any selective pressure be- 
cause such conditions are normally not encoun- 
tered in this population in nature. 

There is no specific instar or stage that is sensi- 
tive to photoperiod which determines the induc- 
tion of both diapause and seasonal form in R. 
clavatus (Figs. 2 and 4). In Orgyia thellina (Lepi- 
doptera, Lymantriidae), there is no difference in 
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terms of the stage sensitive to photoperiod be- 
tween the induction of egg diapause and the deter- 
mination of wing form [12]. In Polygonia c- 
aureum (Lepidoptera, Nymphalidae), the stage 
sensitive to photoperiod for the induction of adult 
diapause extends a little longer than that for the 
determination of seasonal form [7]. With respect 
to diapause, R. clavatus remains sensitive to 
photoperiod even after adult emergence; a change 
in photoperiod in the adult stage can terminate or 
induce diapause [14]. The seasonal form is, of 
course, determined before adult emergence and, 
therefore, there is a difference between the two 
responses in the stage to which the photoperiodic 
influence extends (Figs. 2 and 4). 

In male R. clavatus, the seasonal form and 
diapause are controlled by photoperiod in similar 
manners (Figs.3 and 5). The range of photo- 
periods inducing the autumn form in males (3L- 
21D to 13.5L-10.5D) was narrower than that in 
females (2L-22D to 14L-10D). Thus, a small 
difference appears to exist between the sexes in 
terms of the photoperiodic control for the deter- 
mination of seasonal form in R. clavatus. Sex 
differences in the photoperiodic control for the 
determination of seasonal form have been re- 
ported in other species [11, 12, 17]. In R. clavatus, 
however, the photoperiodic response curves for 
induction of the autumn form would become near- 
ly identical in the two sexes if we include grade 3 
males as autumn forms (Fig. 5). Thus, the appa- 
rent sex difference in the photoperiodic response 
curves should be due to an artifact because the 
seasonal form was divided into 5 grades in males 
and only 3 in females. Therefore, it seems likely 
that both sexes share the same time-measurement 
system for the determination of seasonal form. 

The reproductive status in adults of R. clavatus 
can be one of two possible conditions, namely, 
diapause or nondiapause, as it is in other many 
insects [1]. This species has two distinct thresholds 
in the photoperiodic response curve for the induc- 
tion of diapause (Fig. 3). This is also true for the 
determination of seasonal form, although the 
variation in body coloration is continuous (Fig. 5). 
Both phenomena are controlled by the same critic- 
al daylengths at least in males (Figs. 3 and 5). 
Furthermore, at a photoperiod near the critical 


level, a significant correlation is observed between 
diapause and seasonal form (Table 1). We prop- 
ose, therefore, that a common time-measurement 
system is shared by the controls of seasonal form 
and diapause. 

In the range close to the critical daylength, the 
response for the determination of seasonal form is 
somewhat quantitatively related to the duration of 
the photophase (Fig. 6). In O. thellina, the photo- 
periodic response curve for pupal melanism resem- 
bles the curves for the determination of diapause 
and wing form which are controlled by all-or-none 
response. However, the degree of melanization is 
quantitatively related to the duration of the photo- 
phase near the critical daylengths [12]. Spieth and 
Sauer [18] suggested that the quantitative 
measurement of photoperiod is involved in an 
apparently threshold response in Pieris brassicae 
(Lepidoptera, Pieridae). The mechanisms con- 
trolling threshold and graded responses deserve 
further study. 

In O. thellina, macropterous adults lay non- 
diapause eggs whereas brachypterous ones lay 
diapause eggs, and these two photoperiodically 
induced variations are rarely separated from one 
another [12]. Kimura and Masaki [12] suggested 
that the induction of diapause and the determina- 
tion of wing form are coupled to a common 
mechanism of photoperiodic response. A close 
correlation is also found between diapause and 
seasonal form, in the adult stage of P. c-aureum [7, 
9]. In this case, a neuroendocrine factor from the 
pars intercerebralis produces the summer form [4, 
6], and a hormone from the corpora allata stimu- 
lates ovarian maturation [2]. Moreover, another 
neuroendocrine factor from the pars intercerebra- 
lis activates the corpora allata [3]. Endo et al. [7] 
suggested that P. c-aureum uses a common clock 
mechanism to control the two kinds of seasonal 
diphenism even though the neuroendocrine factors 
responsible for them are different. 

In R. clavatus, the correlation between seasonal 
form and diapause is not as close as it is in O. 
thellina and P. c-aureum (Table 1, Fig. 6). In R. 
clavatus, therefore, different effector systems seem 
to be involved in the two responses, and the 
connection between the two mechanisms may be 
less tight than it is in the other two species men- 
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tioned. Adult diapause in R. clavatus is due to the 
inactive secretion of juvenile hormone from the 
corpora allata [15, 16], but the endocrine mechan- 
ism controlling the seasonal form remains to be 
defined. 
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ABSTRACT—Mitochondrial DNA (mtDNA) variation was investigated among 18 species in the 
Drosophila montium species subgroup. Based on the restriction patterns of 14 restriction enzymes, the 
subgroup was clearly classified into 3 species complexes, the kikkawai complex (6 species), the 
jambulina complex (4 species) and the auraria complex (8 species), which were previously proposed by 
cross experiments. The relationship between the kikkawai and the jambulina complex were proved to 
show much closer than that between the auraria and the two complexes by the proportion of restriction 
fragments which were shared among complexes. The phylogeny among members within the complexes 
constructed using mtDNA variation was not always consistent with other available information 
concerning about protein divergence and reproductive isolation. 


INTRODUCTION 


The Drosophila montium species subgroup is the 
largest subgroup in the D. melanogaster species 
group and is found throughout south-east Asia and 
tropical Africa. Seventy nine species have been 
described in this subgroup [10], and a variety of 
stages of speciation process, which provide useful 
materials for the study of evolutionary genetics, 
are recognized. The phylogenetic relationships 
between members of this subgroup have been 
investigated by biochemical analysis [13, 14], chro- 
mosomal analysis [2, 3], and cross experiments [8, 
9]. 

Kim ef al. [9] examined the crossability of 272 
interspecific combinations among 17 species of this 
subgroup and classified the species into three 
groups of species, or ’species complexes’, which 
were defined as species groups producing viable 
and fertile hybrids: the kikkawai complex (6 spe- 
cies), the jambulina complex (4 species) and the 
auraria complex (7 species). The classification is 
very similar to that predicted biochemically [14]. 
However, phylogenetic relationships within each 


Accepted September 21, 1993 
Received August 30, 1993 
' To whom correspondence should be addressed. 


species complex based on unsuccessful mating 
values [9] and 2-dimensional electrophoresis 
(2DE) [14] did not always coincide with each 
other. 

Restriction analysis of mitochondrial DNA 
(mtDNA) has been a useful tool for estimating 
genetic diversity among populations and closely 
related species [1, 4, 5, 16, 17]. The advantages of 
this method are remarkable when phylogenetic 
relationships among very closely related species 
are considered. In the present study, we reex- 
amined the phylogenetic relationships of eighteen 
D. montium subgroup species using restriction 
pattern analysis of mtDNA and compared it to 
those of previously reported using cross experi- 
ments or biochemical analyses. 


MATERIALS AND METHODS 


Table 1 lists 18 species from the D. montium 
subgroup investigated. Except D. lacteicornis, the 
same strains that Kim et al. [9] examined were 
used. The strain of D. lacteicornis was the same as 
used by Ohnishi and Watanabe [14]. All strains 
used were established from single wild-caught 
females. 

MtDNAs were prepared by the methods of 
Tamura and Aotsuka [18], with some modifica- 
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TaBLE 1. Species of the D. montium species subgroup used in this study 


Species Source 
D. pennae Texas stock no. 3028.1, Papua New Guinia 
D. bocki AO-1, Thailand 
D. kikkawai Okinawa, Japan 
D. leontia AO-2, Thailand 
D. lini Texas stock no. 3146.1, Taiwan 
D. lini-like MMY326, Maymyo, Myanmar, 1981 
D. barbarae Texas stock no. 3033.1, Malaysia 
D. jambulina TMU, India, 1979 
D. panjabiensis-like Texas stock no. 3116.1, Thailand 
D. panjabiensis TMU, India, 1979 
D. quadraria Texas stock no. 3075.1, Taiwan 
D. triauraria Tsukuba, Japan, 1976 
D. auraria Mishima, Japan, 1978 
D. biauraria B660, Hokkaido, Japan, 1978 
D. subauraria KT-4, Kitagami, Japan, 1982 
D. rufa Mishima, Japan, 1978 
D. yuwanensis Amamiohsima, Japan, 1987 
D. lacteicornis IRO78, Iriomotejima, Japan, 1978 


tions. Fourteen restriction enzymes were used to 
reveal mtDNA variation; Aval, BamHI, BglII, 
EcoRI, HindIIl, Pstl, Sacl, Styl, Xbal (recognize 
6bp sequences), Haelll, Hhal, Hinf1, Hpall, 
Rsal (recognize 4 bp sequences). The restriction 
fragments were separated by electrophoresis in 1% 
agarose gel and visualized with ethidium bromide. 
The StyI fragments of lambda phage DNA were 
used as size standards. 


RESULTS 


Table 2 summarizes the restriction patterns of 
mtDNA digested by 14 restriction enzymes in 18 
species of D. montium species subgroup. The 
restriction patterns of a given enzyme observed in 
D. kikkawai were designated by “a”. The remain- 
ing patterns apparently differing from “a” by a 
single or multiple restriction site changes were 
designated as “b”, “c” and so on. 

Among 14 restriction enzymes, Hhal and PstI 
yielded the same cleavage pattern in all the spe- 
cies. D. quadraria and D. triauraria was the only 
species-pair that could not be distinguished by the 
restriction analysis. Taking into account all restric- 
tion patterns, the 18 species seemed to be divided 


into 3 groups as shown in Table 2, the kikkawai, 


jambulina and auraria complex. The grouping was 
very similar to those predicted by 2DE analysis 
[14] and by mating preference [9]. 

There were several diagnostic restriction pat- 
terns which represented each species complex. For 
example, two or three restriction patterns for Rsal 
were identified in every species complex, but none 
were shared between the complexes. The propor- 
tion of shared restriction patterns between the 
kikkawai and jambulina complexes were apparent- 
ly larger than between these two and the auraria 
complex. Between the kikkawai and jambulina 
complexes, some of digested patterns for all but 
one (Rsal) restriction enzymes were shared. On 
the other hand, the auraria complex has many 
complex-specific restriction patterns. Restriction 
patterns for 7 (Hpall, Haelll, Rsal, EcoRI, Sacl, 
BamHI and Styl) of 14 restriction enzymes of the 
auraria complex were unique to this complex. 
These findings allowed us to conclude that the 
kikkawai and jambulina complexes were much 
closer to each other than the auraria and the two 
complexes. 

To investigate the relationships among members 
within the complexes, expected substitution rates 
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TaBLE2. Restriction patterns of mtDNA in 18 species of the D. montium species subgroup 


species Hpall Haelll Hinf! Hhal Rsal Xbal EcoRI Bglil Aval HindIII Sacl Pst] BamHI Styl 
kikkawai complex 
pennae a c b a a a a a a a b a a a 
bocki b d b a a a a a a b b a a a 
kikkawai a a a a a a a a a a a a a a 
leontia c b c a a a a a a a b a a a 
lini a e d a b a b a a c b a a a 
lini-like a e b a b a a a a c b a a a 
jambulina complex 
barbarae d a e a c a b a a d c a a a 
jambulina a f f a d a c b b d c a a a 
punjabiensis-like  e f f a d a d b a a c a a a 
punyabiensis e f a a c a d b a d a a a a 
auraria complex 
quadraria f g g a e a e b a d d a b b 
triauraria if g g a e a e b a d d a b b 
auraria f g g a e a e b a d d a b b 
biauraria f g b a e a e b a a d a b b 
subauraria g g g a f a e b a d e a b b 
rufa h g g a g a f b a d f a b b 
yuwanensis h h b a g a e b a e f a b c 
lacteicornis h g b a g b f b a d f a b b 
TaBLE 3. MtDNA differentiation among species in the kikkawai complex 
species pen. boc. kik. leo. lin. lin-l. 
pennae (24 18) 0.0333 0.0298 0.0314 0.0567 0.0549 
bocki 15 12 (24 18) 0.0367 0.0277 0.0598 0.0574 
kikkawai iS) 18) 13 14 (23 17) 0.0286 0.0535 0.0509 
leontia 15 14 16 14 15 iS (25 18) 0.0533 0.0514 
lini il sg iS iD & 9 (23 20) 0.0125 
lini-like 11 10 iil 2 12 10 20 16 (24 19) 


The figures above the diagonal are expected substitution rates(d), and those below the diagonal are 
numbers of shared restriction fragments (left; 6-cutter enzymes, right; 4-cutter enzymes) for each 
pair of species. The numbers of restriction fragments for each species are on the diagonal. 


TaBLeE4. MtDNA differentiation among species in the jambulina complex 


species bar. jam. pun-l. pun. 
barbarae (23 18) 0.0668 0.0512 0.0623 
jJambulina Sf (22 18) 0.0499 0.0551 
punjabiensis-like 11 10 11 10 (il 22) 0.0204 
punjabiensis 10 8 10 10 - 16 16 (22 20) 


See Table 3 for other explanation. 
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TABLES. MtDNA differentiation among species in the auraria complex 
species qua. tri. aur. bia. sub. ruf. yuw. lac. 
quadraria (17 21) 0.0000 0.0113 0.0321 0.0498 0.058 0.0625 0.0582 
triauraria 17 21 (47 21) ~~ 0.0095 0.0321 0.0498 0.0581 0.0625 0.0582 
auraria 15 17 15 18 (17 21) 0.0321 0.0498 0.0581 0.0625 0.0582 
biauraria 10 16 10 16 10 16 (18 22) 0.0241 0.0545 0.0582 0.0539 
subauraria 7 16 7 16 7 16 11 20 (18 21) 0.0670 0.0707 0.0625 
rufa 7 10 7 10 7 10 8 10 7 8 (16 21) 0.0163 0.0072 
yuwanensis 7 10 7 10 7 10 8 10 7 8 14 16 (19 20) 0.0181 
lacteicornis Yul W wil Yi WT iil 7 10 Sls 14 16 (18 20) 
See Table 3 for other explanation. 
for each pair of mtDNA (d) were estimated based wt 
on the proportion of shared restriction fragments Fe Se 
by the two genomes (length-difference method) Sees TapaReNeA 
according to the formula of Nei and Li [12]. The nS ae complex 
matrices of data are shown in Table 3, 4 and 5. lini 
Since the total length of mtDNA was different in lini-like 
different species complexes, Nei and Li’s formula fat Pung 2 ple 
was not applicable for estimating nucleotide di- | | rl = Punjab ene eee 
vergence among species complex. HOV AS ar iar pe 
The average substitution rates (+SE) within a ma ee. 
species complex were 0.0425 +0.0037 (the kikka- } re ae 
wai complex), 0.0510 +0.0066 (the jambulina com- guages 
plex) and 0.0441+0.0040 (the auraria complex). triauraria auraria 
Based on the matrices of d values, the phylogene- L eye to auraria oiuage 
tic tree of members of the D. montium species rufa 
subgroup was constructed by the UPGMA method lactet cor 
of clustering [15] (Fig. 1). In this tree the connec- TS oo 
tions of species complexes were not based on a f 4 ( 


numerically determined index because we did not 
estimate d among the complexes for the reason 
mentioned above. However, the closeness be- 
tween the kikkawai and jambulina complexes was 
apparent. Therefore, we made a cluster including 
these two and then connected it to the cluster of 
the auraria complex. 

The branching orders within the species complex 
shown in Fig. 1 are not always compatible with 
those predicted by protein analysis or by cross 
experiment. In the kikkawai complex, the d value 
between D. lini and D. lini-like was the smallest, 
so that they were clustered first. These species, 
however, were rather distantly related judging 
from protein differentiation, and premating isola- 
tion between them was almost complete. MtDNA 
genotypes of D. barbarae and D. jambulina in the 


Nucleotide divergence (d x100) 


Fic. 1. Dendrogram of the 18 species of the D. mon- 
tium species subgroup obtained by UPGMA 
method, based on the matrices of d(Table 3-5). The 
connections of species complex (dashed line) are 
arbitrary (see text). 


jambulina complex were mostly different and only 
a few crosses were successful between these spe- 
cies. But D. barbarae and D. jambulina were 
found to be the closest species-pair in the complex 
by protein analysis. The topology of the tree for 
the auraria complex was very similar to those by 
cross experiment or 2DE-electrophoretic analysis 
except for the position of D. lacteicornis. D. 
lacteicornis shared many restriction patterns with 
D. rufa and D. yuwanensis which are members of 
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the auraria complex (Table2). Some crosses 
among these three species were successful and 
yielded fertile female progeny (Kim unpublished 
data). However, protein configuration of D. lac- 
teicornis on the 2DE-electrophoresis was signi- 
ficantly different from those of other species. 


DISCUSSION 


In the present investigation, eighteen species of 
the D. montium species subgroup were divided 
unambiguously into 3 groups based on mtDNA 
fragment patterns. This result is coincident with 
the subdivision of species into 3 species complexes, 
the kikkawai complex, the jambulina complex and 
the auraria complex, proposed by Kim et al. [9], as 
well as with the biochemical classification by 2DE 
[14]. 

Since the complexes were almost completely 
isolated by reproductive barriers [9], the phy- 
logenetic relationships between complexes could 
not be examined by means of cross experiment. 
The comparison of mtDNA restriction patterns 
(Table 2) enabled us to conclude that the kikkawai 
and jambulina complexes were the closest among 
the complexes. Although a similar relationship 
among the species complexes was suggested by 
2DE analysis [14], mtDNA restriction analysis 
seems to be more useful for grouping of closely 
related species since restriction patterns offer us 
multiple diagnostic characters. 

The relationship among members within a com- 
plex varied in different measures of genetic dif- 
ferentiation. Kim et al. [9] examined the correla- 
tion between the genetic distance (D) by 2DE 
electrophoresis [14] and the frequency of unsuc- 
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cessful matings (UM) obtained by their cross ex- 
periments. None of the coefficients of correlation 
within complexes were statistically significant. We 
estimated the coefficients of correlation between 
mtDNA substitution rate (d) and the other two 
measurements (Table 6). Among six combinations 
of data, only one case, between d and D in the 
auraria complex, showed a significant positive cor- 
relation, and no significant correlation was 
observed between premating isolation (UM) and 
protein or mtDNA diversities (d and D). 

Coyne and Orr [7] investigated the correlation 
between pre- and postzygotic isolation and allozy- 
me diversity estimated by Nei’s genetic distance 
[11] from literature data on 119 pairs of Drosophila 
species, and found that both forms of isolation 
were significantly correlated with Nei’s genetic 
distance. Assuming the constancy of allozyme 
diversity over time, they concluded that reproduc- 
tive barriers develop gradually with time. At 
present it is not clear why we failed to get a 
significant correlation between sexual isolation and 
molecular diversity in the D. montium species 
subgroup. It must be noted, however, that our 
investigation focused on the very early stages of 
speciation in Drosophila. Coyne and Orr [7] 
included many species-pairs in which reproductive 
isolation was almost complete in their correlation 
estimates. Such relatively distant species-pairs 
may partially be responsible for the significance of 
the correlation since most genetic traits between 
distantly related species have considerably diffe- 
rentiated. In the montium species subgroup, the 
correlation between the frequency of unsuccessful 
matings and the protein difference was statistically 
significant when all combinations of species, in- 


TABLE 6. Coefficient of correlation between different measurements 


of genetic diversities 


speciec complex D-d d-UM D-UM 
kikkawai_ complex (n=15) 0.3900 0.1645 0.2928 
jambulina complex (n=6) 0.2689 0.3218 0.2750 
auraria complex (n=15) 0.9136* 0.3418 0.4549 


D: genetic distance (by 2DE) 

d: nucleotide divergence (mtDNA) 

% of unsuccsessful mating 
statistically significant at 0.1% level 


UM: 


*. 
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cluding inter-complex comparisons, were consi- 
dered [9]. Thus, the present and previous observa- 
tions [9, 14] indicate that the development of 
reproductive isolation does not always accompany 
the accumulation of genetic divergence at the 
molecular (protein or mtDNA sequence) level, 
especially in the very early stages of the speciation 
process such as species complex formation. 

Even though a large amount of data concerning 
genetic divergence among closely related species 
has been accumulated, we know little about how 
and what genetic divergence causes reproductive 
isolation [6]. More detailed genetic analysis of 
reproductive isolations among closely related spe- 
cies will be necessary in the future. In such work, 
mtDNA restriction analysis and the phylogenetic 
relationships constructed from it will be helpful for 
groupings of closely related species. 
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Karyotypic Differentiation in the Phytophagous Ladybird Beetles 
Epilachna vigintioctomaculata Complex and Its Possible 
Relevance to the Reproductive Isolation, with a 
Note on Supernumerary Y Chromosomes 
Found in E. pustulosa 
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ABSTRACT—Chromosomes of phytophagous ladybird beetles belonging to the Epilachna vigintiocto- 
maculata complex (Coccinellidae) were investigated in 18 populations. All the populations basically 
showed a diploid number of 20 with Xy, sex chromosome associations in male meiosis. Detailed 
comparison of karyotypes using cluster and principal component analyses revealed a considerable 
divergence between the two groups of this species complex, the group A containing E. vigintioctomacu- 
lata and the group B including three other “species”, E. pustulosa, E. niponica, and E. yasutomii. The 
divergence comes mainly from the addition of a large amount of heterochromatic segments on short 
arms of chromosomes Nos. 3 to 9 in karyotypes of the group B. This change in chromosomal structure 
confers the so-called diphasic state, which stands for a condition of chromosomes with one arm 
euchromatic and the other heterochromatic, in karyotypes of the group B species. The chromosome 
configurations observed suggested the late replication of heterochromatic arms in those diphasics. A 
new hypothetical model that accounts for the postmating reproductive isolation between the groups A 
and B is proposed on the basis of the karyotypic difference between the groups. Karyotypic 
differentiation within each group is also briefly mentioned. Significant differences were found among 
karyotypes of three populations of E. vigintioctomaculata, each of which represents one of three 
different geographic forms. Karyotypes of populations belonging to E. yasutomii deviated slightly from 
other species of the group B. Supernumerary Y chromosomes were found in males of some populations 
of E. pustulosa with considerable frequencies. 


tionary biology, especially by those who have 


NTISUD UCI particular interest in speciation process, due to 


The vigintioctomaculata complex of the genus 
Epilachna is a group of very closely related phy- 
tophagous ladybird beetles (Coleoptera: Coc- 
cinellidae) which are distributed mainly in the 
temperate regions of Japan. It consists of four 
“species”, E. vigintioctomaculata Motschulsky, 
1857, pustulosa Kono, 1937, niponica Lewis, 1896, 
and yasutomii (Katakura, 1981) [12]. The species- 
complex has been greatly noticed over past two 
decades by researchers of diverse fields in evolu- 
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their great variability in both external morphology 
and host plants [12, 16, 39]. 

Studies so far been made in detail with the aim 
to trace the possible causes of reproductive isola- 
tion among the members of the complex, are 
manifold, including phenology [11, 13], host plant 
preference [19], interspecific crossings [14, 15, 17- 
20, 24-25], and so on. Chromosomes of the 
complex have, however, been poorly known, 
although a few pioneer studies revealed that the 
chromosome composition of vigintioctomaculata 


and pustulosa was 2n=20 with male heterogametic 
Xyp-XX in sex determination [36-38, 43, 44]. The 
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y in lower case stands for a minute Y chromosome 
and p in subscript in the Xy, for a “parachute” 
which denotes the parachute-like configuration 
formed by a “canopy” X chromosome and a “load 
or parachutist” Y [33]. It seems that the failure to 
detect striking interspecific differences in 
karyotypes in those earlier studies using paraffin 
section or squash methods has discouraged further 
cytological studies on the vigintioctomaculata com- 
plex. 

We have restudied chromosomes of 18 popula- 
tions, which cover all the species of the complex, 
by the current air-drying method. As a result, we 
found that karyotypic divergence between vigin- 
tioctomaculata which belongs to the group A [12] 
and the other three species of the complex, refer- 
red to as the group B, is far more evident than 
previously thought. Furthermore, supernumerary 
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Y chromosomes were found among some popula- 
tions of pustulosa as an intrapopulation poly- 
morphism. In this paper, we will present the data 
and discuss possible relevance of the karyotypic 
differentiation to postmating reproductive isola- 
tion exhibited by crossing between groups A and 
B. 


MATERIALS AND METHODS 


The specimens used for chromosome examina- 
tion are listed in Table 1 (see also Fig. 1). The 
cytological data were obtained from air-dried pre- 
parations of testes or ovaries of adults just after 
eclosion, or supraoesophageal ganglia of the third 
and the fourth instar larvae. We dissected out 
materials from living individuals in hypotonic solu- 
tion containing colchicine (mixture of 0.5 volume 
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Fic. 1. 


Distribution of four species of the Epilachna vigintioctomaculata complex in Japan. Top: E. vigintioctomacu- 


lata. Middle: E. niponica (dark shade) and E. pustulosa (light shade). Bottom: E. yasutomii (dark shade) and 
Western Tokyo form (light shade). Solid circles denote populations used for the present chromosomal study. 
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TaBLE 1. Chromosome numbers of the Epilachna vigintioctomaculata complex 


Chromosome number”? 


: Nowaintie: Reference 
sed vas examined” mie Female eee Study) 
2n MI 

Epilachna vigintioctomaculata 

Honshu form 
Shizukuishi 28 June 1982 2L4 20 — 20 PS 

Hokkaido form 
? — — 20 9+ Xy — [43, 44] 
Hokkaido (5 sites) — — — 9+Xy, — [36] 
Fujino, Sapporo 17 July to TL4, 1S S42 20 9+Xy, 20 PS 

10 Aug 1984 

Rishiri form 

Motoji, Is. Rebun 12 July to LOZ ea 20 9+Xyp 20 PS 
13 Aug 1984 

Nozuka, Is. Rishiri 8 July 1984 4p 20 9+Xy, — PS 
Epilachna pustulosa 

Sapporo form 
? — = 20 2+XKy [44] 
Maruyama, Sapporo — — — 9+Xy, — [36] 
Nopporo 28 Sept to 3G, 12 20 9+Xyp 20 PS 


11 Oct 1982 11L, 


A population with an intermediate phenotype between Sapporo form and Nominate form 
Hattari 19 Aug 1984 24929, 2L, 20(19f) 9+Xy, 20 PS 
20+1B(SS) 9+Xyy, 


Nominate form 


Tokachi-Mitsumata — _ — 9+Xy, — [36] 
Mt. Taisetsu — — — 9+Xyp -— [36] 
Kamuikotan 28 June 1982 41,4 2011 ¥) — 20 PS 
20+1B(1 4) 
Kamuikotan 11 June to 22 § 9 & 20(21 L) 9+Xyp 20 PS 
17 Aug 1984 20+1BUS) 9+Xyy, 
Nukabira forest trail 4 Sept 1983 1B S22 20(13 #) 9+Xy, 20 PS 
A population with an intermediate phenotype between Nominate form and Sounkyo form 
Toma 4 Aug 1984 12 — — 20 PS 
Toma 2 Sept 1985 6922 20(5 ¥) 9+Xyp 20 PS 


20+1BUS) 9+Xyy, 


Sdunky6 form 
Mt. Ohyama, Monbetsu 28 June to 391921, 20(2 Z') 9+Xyp 20 PS 
28 July 1985 20+1BUS) 9+Xyy, 


(continued) 
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TABLE 1. Continued 
Chromosome number” 
Locality Date Nh Male ROS 
Female present study) 
2n MI 
Epilachna niponica 
Tamagawa Spa 30 June to 4$229L,4 20 9+Xy, 20 PS 
8 July 1983 
Naeba — Sf — 9+ Xy,(1%) — [37] 
9+Xyyp(4f) 
Yuwaku, Kanazawa 17 to 18 July 49/2251, 20 9+Xyp 20 PS 
1984 
Yamanaka Pass, — 2S 20 9+Xyp — [38] 
Tsuruga 
Epilachna yasutomii 
Populations on Caulophyllum robustum 
Akan 26 Aug 1985 2% 20 9+Xyp — PS 
Ohnuma 28 Sept to 4L4 20 — 20 PS 
5 Oct 1982 
Asamushi 2 July 1982 1L, — — 20 PS 
Shiobara 4 July 1982 IL, 20 — — PS 
Western Tokyo form 
Shimomizo, on 20 Oct to 3 S126L, 20 9+ Xyp 20 PS 
Solanum tuberosum 10 Nov 1982 
Mt. Takao, on 30 June to 4 9713.4 20 9+Xyp 20 PS 
Chelidonium japonicum 4 July 1983 
Nippara, on 19 to 23 July 3952 20 9+Xyp 20 PS 
Scopolia japonica 1983 
Inter- or intraspecific hybrids obtained in laboratory” 
Ev ?XEp Sf — — — 9+Xy, — [36] 
(Ep Sapporo f. $ x — — — 9+Xy, _— [36] 
Ep Nominate f. ~)F, 
dx Ep Sapporo f. 
14 Sept 1982 1L, — — 20 PS 


Ev Hokkaido f. 2 x 
En Ohnuma f. 


1 L,4: 4th instar larvae. L34: 3rd and 4th instar larvae. 
2) Sex of larvae was determined by the presence or absence of small Y chromosome. 
» Ev=Epilachna vigintioctomaculata, Ep=E. pustulosa, En=E. niponica. 


of 0.1% colchicine solution and 9.5 volume of 1% 
sodium citrate) on a hollow slide. Then we macer- 
ated the materials for ca. 10 min. in the same 
solution before fixation with Carnoy’s solution 
(3:1 volumes of absolute methanol and glacial 
acetic acid). The technique employed is the same 
as that for harvestman chromosomes described 
previously [40, 41]. In some cells, patterns similar 


to C-bands were observed, although these cells 
had received no special treatment. 

We serially arranged mitotic metaphase chromo- 
somes according to the descending order of length 
(Figs. 2, 3). We calculated percent ratios of length 
for each chromosome to the TCL, the total length 
of all haploid autosomes and an X chromosome. 
We draw haploid idiograms of each population 
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based on somatic metaphase plates from the 
clearest five, if available, chromosome configura- 
tions. We also calculated the arm ratio (r) of each 
chromosome by dividing the length of the long arm 
by that of the short arm, and classified chromo- 
somes into the following five categories according 
to Levan et al. [21]: metacentric (1.0<r<1.67), 
submetacentric (1.67<r<3.0), subtelocentric 
(3.0<r<7.0), acrocentric (7.0<r<oo), and 
telocentric (r=co). The morphometric values 
calculated for 14 representative populations are 
shown in the Appendix. 

To assess degrees of overall differentiation of 
karyotypes between any two populations, the 
method developed by Matsui [23] for the karyo- 
type analysis of toads was applied with a slight 
modification. The procedure was as follows: (1) 
Choosing five chromosome plates for each popula- 
tion, we compared every homologous chromo- 
some pair between the two karyotypes in two 
respects: relative length to TCL and the arm ratio 
(r), and performed Mann-Whitney U-tests (P< 
0.05) for the statistical analysis. The Y chromo- 
some was excluded from the comparison because 
sufficient data were unavailable in some popula- 
tions due to the paucity of male specimens. (2) 
The result of each comparison then falls into any 
one of the following four categories: A - No 
differences in both length and arm ratio; B - 
Difference in length but not in ratio; C - difference 
in ratio but not in length; D - difference in both 
length and ratio. We gave the following ratings for 
these categories: A=2, B and C=1, and D=0. 
Thus, we can express the total similarity value of 
karyotypes from 0 (all the 9 autosome and one X 
chromosome pairs differ in both length and ratio) 
to 20 (no difference in both length and ratio for all 
10 chromosome pairs). The similarity values thus 
obtained between populations are shown in upper 
right half of Table 2. The table also shows similar- 
ity coefficients which were calculated by dividing 
each similarity value by 20; thus the coefficients 
vary from 1.0 (perfect match) to 0 (perfect mis- 
match). On the basis of the similarity coefficients, 
a dendrogram using UPGMA [34] was depicted 
(Fig. 6). i 

To elucidate the factors responsible for the 
karyotypic differentiation in the vigintioctomacula- 


ta complex, the principal component analysis was 
also performed on the basis of 21 morphometrical 
characters of chromosomes for 14 populations 
(Table 3). Then the populations were projected 
on the first two axes (Fig. 7). All the statistical 
tests including the Mann-Whitney U-tests, cluster, 
and principal component analyses were im- 
plemented with the SYSTAT ver. 5.2 for the 
Macintosh personal computer [35]. 


RESULTS 


Karyotypes 


The chromosome number of the complex was 
invariably 2n=20 (Figs. 2, 3, Table 1) except for 
that of some males of E. pustulosa with a super- 
numerary Y chromosome (2n=21, Fig. 8B). All 
the chromosomes except for Y whose centromeric 
position is almost invisible due to its small size, 
were more or less diphasic, namely they were 
composed of a euchromatic arm and a hetero- 
chromatic one [33]. In diphasic chromosomes, 
sister chromatids of the heterochromatic arm coil 
together and the split between them is invisible 
when chromatids of the euchromatic arm have 
been already separated from each other, probably 
due to late replication and late condensation of the 
heterochromatic arm [33]. We inferred the dipha- 
sic nature of each chromosome primarily from the 
differential condensation between two arms. 
Some chromosomal plates which showed negative 
heteropycnosis between arms (see Figs. 2G, H, 
3C) of almost all autosomes also support the 
inference. In the idiograms shown in Figs. 4 and 5, 
arms that inclined to make tight adherence be- 
tween sister chromatids, hence supposed as het- 
erochromatic arms, are crosshatched. The het- 
erochromatic arms were almost always shorter 
than euchromatic ones on the opposite side. 

However, those heterochromatic arms, virtually 
synonymous with short arms, do not consist exclu- 
sively of heterochromatin. For example, we sup- 
posed that distal halves of the heterochromatic 
arms in chromosomes No. 1 and X were euchro- 
matic judging from configurations (see Figs. 2, 3) 
and banding patterns (cf. Figs. 2H, 3C) shown by 
those chromosomes. Furthermore, euchromatic 
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Fic. 2. Representative karyotypes of Epilachna vigintioctomaculata (A-D) and E. pustulosa (E-H). C and E from 
females (sex chromosome composition: XX); others from males (XY). A: Honshu form, Shizukuishi. B-C: 
Hokkaido f., Fujino. D, Rishiri f., Is. Rebun. E: Sapporo f., Nopporo. F: Nominate f., Kamuikotan. G: A 
population with an intermediate phenotype between Nominate f. and Sapporo f., Hattari. H: A population with 
an intermediate phenotype between Sdunkyé6 f. and Nominate f., Téma. Scale =0.01 mm. 


segments are also distributed in the distal ends of 
other chromosomes, namely autosomes of Nos. 2- 
9. ‘Putative distribution of the heterochromatic 
and euchromatic segments in the karyotypes of the 
species-complex are diagrammatically represented 
in Fig. 10. 


E. vigintioctomaculata (Figs. 2A-D, 4). Three 
populations representing three different geog- 
raphic forms were surveyed. In Fujino population 


(the Hokkaido form), the autosomes consisted of a 
pair of large metacentrics (No. 1) and 8 pairs of 
submetacentrics (Nos. 2-9). In the other two 
populations, too, autosomes were similar except 
for 2 pairs of subtelocentrics (Nos. 3, 7) in Shizu- 
kuishi population (the Honshu form) and a pair of 
metacentrics (No. 2) in Is. Rebun population (the 
Rishiri form). The X chromosome, the largest in 
both Shizukuishi and Fujino populations, was sub- 
metacentric. The X in Is. Rebun population was 


Chromosomes of Closely Related Epilachna 


the third largest and differed in both relative 
length and arm ratio from those in the other two 
populations (Mann-Whitney U-tests, <0.05). Re- 
lative length of Y to X chromosome (Y/X ratio) in 
Rebun population (0.25 on average, n=5) also 
deviated from those in Fujino (0.18, n=5) and 
Shizukuishi (0.16, n=5) populations (Mann- 
Whitney U-tests, <0.05). 


Epilachna pustulosa (Figs. 2E-H, 4). Six popu- 
lations were surveyed. They include populations 
from Nopporo (the Sapporo form), Kamuikotan, 
Nukabira (the Nominate form), Monbetsu (the 
Séunky6 form), Téma (a population with an in- 
termediate phenotype between the Nominate and 


1003 


the Sounkyo forms), and Hattari (a population 
with an intermediate phenotype between the 
Nominate and the Sapporo forms). Of these, 
Monbetsu population, where no chromosomal 
spreads enough for detailed analysis were 
obtained, was excluded from the karyotype analy- 
sis. The autosomes consisted of 9 pairs of meta- or 
submetacentrics. The X chromosome was the 
second or the third largest subemeta- or 
metacentric chromosome. The ratio of total length 
of heterochromatic arms to that of euchromatic 
arms slightly but significantly varied among the five 
populations (Kruskal-Wallis test, P<0.05), 
although no difference was detected among three 
populations of those (Hattari, Kamuikotan, Nuka- 
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males. A: Tamagawa Spa. B: Yuwaku. C: Akan. D: Shiobara. E: Western Tokyo form on Solanum tuberosum, 


Shimomizo. 


Scopolia japonica, Nippara. Scale=0.01 mm. 


F, Western Tokyo form on Chelidonium japonicum, Mt. Takao. 


G: Western Tokyo form on 
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bira) (Kruskal-Wallis test, P=0.396). Y/X ratios 
in five populations ranged from 0.20 to 0.32 and 
the difference among the populations was signi- 
ficant (Kruskal-Wallis test, P<0.05), though the 
interpopulation variation for two populations of 
the Nominate form was not evident (Kruskal- 
Wallis test, P=0.053). 


E. niponica (Figs. 3A, B, 5). Two populations, 
one from Tamagawa Spa, Akita Pref., in northern 
Honshu and the other from Yuwaku, Kanazawa, 
central Honshu, were analyzed. Although the two 
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populations are phenotypically considerably diffe- 
rent, their karyotypes were very similar to each 
other in general configurations. Significant differ- 
ence was found only in the relative length of a pair 
of chromosome No. 1 (U-test, <0.05). 


E. yasutomii (Figs. 3C-G, 5). This species, 
feeding usually on Caulophyllum robustum, is tax- 
onomically problematic because it shows much 
variability in host plant preference in spite of its 
rather conservative external morphology through- 
out its distributional range [12]. We treated here 


15 Ep Sapporo f. 
Nopporo 
10 as . 
0 mmmmmm yy 
sm 
15 


Ep Nominate f. / Sapporo f. 
Hattari 


10 


on 


Téma 


Y 


Idiograms of Epilachna vigintioctomaculata ( Ev) and E. pustulosa ( Ep), based each on measurements for five 


chromosomal spreads per each population. Kamuikotan population of E. pustulosa showed same karyotype as 
that from Hattari. m=metacentric, sm=submetacentric, st=subtelocentric. Note that the representation of 
heterochromatic arms (crosshatched) in this figure is extremely simplified. It does not mean whole segments of 


those arms consist solely of heterochromatin. 
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the so-called Western Tokyo form, which is found 
in potato fields of southwestern Kanto district and 
southern Chtibu district, central Honshu, as a 
member of this species [16]. 

The autosomes almost invariably consisted of 9 
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Idiograms of two forms of Epilachna niponica ( En) and five populations of E. yasutomii ( Ey). 
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pairs of metacentrics. The X is the first or the 
second largest meta- or submetacentric chromo- 
some. Y/X ratios ranging from 0.17 to 0.32 do not 
significantly differ among populations (Kruskal- 
Wallis test, P=0.13). The general karyotypes are 
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TABLE 2. Similarity values (upper right) and similarity coefficients (lower left) of karyotypes for 14 
populations of the Epilachna vigintioctomaculata complex 


Evl Ev2 Ev3 Epl Ep2 Ep3 Ep4 Eyl Ey2 Ey3 Ey4 Ey5 Enl En2 


Ev Honshu f. (Shizukuishi) Cit Oe STO Vers. 10 10 
Ev Hokkaido f. (Fujino) 85 16.10 8 9 5 “4 5 16: 78) 7mm) 
Ev Rishiri f. (Is Rebun) 75.80 1612 1: 7 9 9 8 13° °C meents 
Ep Nominate/Sapporo f. (Hattari) .55  .50 .80 Mis ib 1 Ww! 16 mM w © i 
Ep Nominate f. (Kamuikotan)  .30 .40 .60 1.00 Cio Mii NE TO iS 19 19 
Ep Sounky6/Nominate f. (Toma) .50 .45 .55 .90  .85 eyeemie is 19 iy 1 
Ep Sapporo f. (Nopporo) DQ) 23 25 75 25 & 17 17 18 OMe Weretoemety 
Ey (Akan) XH 2D £5 40 £& © & CMO iW i iw 1g 
Ey (Shiobara) 3S 0B i @ & BS  & ie 1 jy id 1© 
Ey-Wt (Mt. Takao) 30 30 .40 .80 .80 .90 .90 .95 .90 1 18 1 1 
Ey-Wt (Nippara) 50 .40 65 .70 95 .90 1.00 95 95 .95 i 15 ~ 2 
Ey-Wt (Shimomizo) 40 8& Bil) © 8 6 6 BS W 720 
En (Kanazawa) DoS £0 8 © 6 6 DM 0 GS DH & 19 
En (Tamagawa Spa) SD 40) 75 Os 95 25 £ 20 25 25 100 1.00 oS 


Ev=E. vigintioctomaculata, Ep=E. pustulosa, En=E. niponica, Ey=E. yasutomii, Wt= Western Tokyo form. 


Similarity 
0.9 0.8 0.7 0.6 0.5 0.4 


Ev Honshu f. 
Ev Hokkaido f. 
Ev Rishiri f. 


Ep Nominate f. Kamuikotan 


Ey (Wt) Shimomizo 

En Tamagawa Spa 

Ep Séunkyé / Nominate f. Toma 
Ey Shiobara 

Ey Akan 

Ey (Wt) Mt. Takao 

Ey (Wt) Nippara 

Ep Sapporo f. 


Fic. 6. Dendrogram resulting from UPGMA cluster analysis of the karyotypes of 14 populations. Ev=E. 
vigintioctomaculata, En=E. niponica, Ep=E. pustulosa, Ey=E. yasutomii, Wt=Western Tokyo form. 


similar to each other (similarity coefficient ranges Wallis test, P<0.05). 
0.85-0.95), although ratio of total length of het- 
erochromatic arms to total length of euchromatic 
ones varied among the five populations (Kruskal- Figure 6 represents a UPGMA dendrogram de- 


Comparison of karyotypes among four species 
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rived from the similarity coefficients of karyotypes 
shown in Table2. The procedure used in the 
present study to compare two karyotypes has an 
apparent defect. We may erroneously compare 
the nonhomologous pairs of chromosomes from 
two karyotypes, when some of the component 
chromosomes are very similar in size and shape. 
Nevertheless, resulted dendrogram was the one 
fairly compatible with the phylogeny of the com- 
plex inferred from the analyses of external mor- 
phology and/or host plant preference [12]. The 
karyotypes were classified into two major groups. 
One contained all the populations of E. vigintioc- 
tomaculata, and the other consisted of members of 
three other species, E. pustulosa, niponica, and 
yasutomii. Furthermore, the latter could be di- 
vided into two minor groups, one of which is 
comprised mostly of members of a single species 
E. yasutomii. 

The principal component analysis based on the 
21 measured karyomorphological characters 
(Table 3) offered similar results for the separation 
of the two major groups of vigintioctomaculata 
complex. Table 3 presents the loadings on the first 
two principal components. The first two compo- 
nents account for more than 70% of the variance. 
The first axis had high positive loadings for arm 
ratios of chromosomes Nos. 2 to 9 and relative 
lengths of chromosome No. 1 and sex chromosome 
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X. The first component is also characterized by 
high negative loadings for lengths of chromosome 
Nos. 4-9, especially of Nos. 6-8. It is easy to 
understand that the arm ratios and the relative 
lengths of chromosomes contribute to the first 
principal component in opposite directions. By 
gaining longer heterochromatic segments, relative 
lengths of the relevant chromosomes would auto- 
matically increase, whereas the arm ratios (length 
of long arm/length of short arm) decrease. Hence, 
we interpret the first component as a factor that 
pertains to presence or absence of long hetero- 
chromatic segments in chromosomes Nos. 2-9, 
particularly in Nos. 3-9. The second principal 
component pertains positively to length of 
chromosome No. 2, and arm ratios in chromo- 
somes X and No. 1 and negatively to length of the 
X chromosome. High scores on the second prin- 
cipal component represent populations with sub- 
metacentric and/or relatively small X or with 
chromosome No.2 somewhat larger in relative 
length. 

Figure 7 plots the positions of the populations 
on the first two principal components. It shows 
again a clear separation of the plots between E. 
vigintioctomaculata and the other three species for 
the axis of the first principal component. Among 
three populations of the former species, the Rishiri 
form was plotted on rather remote position from 


TABLE 3. Loadings of the measured parameters on the first two principal components (PC) 
Parameter’? PC1 PC2 Parameter” PC1 PC2 
1 Ch No. 1: length 0.87 0.16 12 Ch No. 1: arm ratio —0.03 0.66 
2 Ch No. 2: length 0.30 0.83 13 Ch No. 2: arm ratio 0.87 —0.30 
3 Ch No. 3: length —0.44 0.41 14 Ch No. 3: arm ratio 0.90 0.07 
4 Ch No. 4: length OMS 0.15 15 Ch No. 4: arm ratio 0.92 0.02 
5 Ch No. 5: length —0.78 0.35 16 Ch No. 5: arm ratio 0.93 0.25 
6 Ch No. 6: length —0.90 0.21 7) Ch No. 6: arm ratio 0.94 0.05 
7 Ch No. 7: length —0.96 0.05 18 Ch No. 7: arm ratio 0.97 0.09 
8 Ch No. 8: length —0.87 —0.26 19 Ch No. 8: arm ratio 0.90 0.10 
9 Ch No. 9: length —0.65 0.03 20 Ch No. 9: arm ratio 0.93 0.23 
10 Ch X: length 0.75 —0.60 21 Ch X: arm ratio 0.28 0.71 
11 Ch Y: length —0.10 0.30 
Explained variance (%) 59.6 13.1 


» The length is relative length to the TCL, total length of haploid chromosomes. 
» Arm ratio=length of long arm/length of short arm. 
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Fic. 7. Projection of 14 populations on the first two 
principal components. Circles=E. vigintioctomacu- 
lata (Ev), squares=other three species. Ep=E. 
pustulosa, En=E. niponica, Ey=E. yasutomii, Wt 
= Western Tokyo form of E. yasutomii. EpI=A 

Ev Honshu £ population with an intermediate phenotype between 

Nominate f. and Sapporo f. (Hattari), Ep2=Nomin- 

ate f. (Kamuikotan), Ep3=Sapporo f., Ep4= 
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Fic. 8. Chromosomes of E. pustulosa. A, Two first meiotic metaphases showing normal Xy, associations. B, 
Spermatogonial metaphase with two Y chromosomes (arrowed) (2n=21). C, First meiotic metaphase with an 
Xyyp. D, Second meiotic metaphases showing two classes with two Ys (two cells above; Ys are arrowed), and 
without Y (bellow). Scale=0.01 mm. A-C: Hattari, D: Monbetsu. 
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Fic. 9. Frequencies of males with Xyy, and Xy, in six 
populations of E. pustulosa. Numbers of individuals 
examined are also shown in each pie chart. Nop- 
poro: Sapporo form. Hattari: a population with an 
intermediate phenotype between Nominate and 
Sapporo forms. Kamuikotan, Nukabira: Nominate 
form. T6ma: a population with an intermediate 
phenotype between Nominate and Sdunky6 forms. 
Monbetsu: Sounkyo form. 


the remaining two populations (the Honshu and 
the Hokkaido forms) along the second axis. On 
the other hand, 11 populations in the other three 
species were less variable along the second princip- 
al component axis. Two subgroups recognized in 
the populations of the group B in the cluster 
analysis (Fig. 6) also differ in the scores in the first 
principal component axis, but they cannot be 
separated clearly on this basis. 


Supernumerary Y chromosomes 


In males of E. pustulosa, supernumerary 
chromosomes were found with fairly high frequen- 
cies over wide geographical range (Table 1 and 
Figs. 8, 9). Those were small chromosomal frag- 
ments, approximately equal in size to the Y 
chromosome and were virtually indistinguishable 
from the Y. The number of the supernumerary 
chromosome retained per cell was always one if 
any. Neither males with more than one super- 
numerary chromosome nor females with a compa- 
rable one have been found. During meiosis in 
males, the supernumerary chromosome paired 
with X together with a Y, forming so-called Xyy, 
association (Fig. 8C). At the second meiotic divi- 
sion, two classes of cells, one with two “Y”s and 


1009 


the other with no “Y” were observed (Fig. 8D). 
These facts indicate that the supernumerary is not 
a true B-chromosome which appears irrespective 
of sex, but a supernumerary Y chromosome de- 
rived probably from duplication of the Y. 

Frequencies of males with a supernumerary Y in 
six populations of E. pustulosa ranged 0-33.3%, 
though there were no significant differences in the 
frequency between populations (>0.05, Fisher’s 
exact probability tests for every pair of two popula- 
tions). Among five males with Xyy, found from 
Hattari population, one showed a mosaic of Xyp 
and Xyy, at meiosis and 2n equals 20 and 21 at 
mitotic division. 


DISCUSSION 


Karyotypic differentiation between E. vigintiocto- 
maculata and other three species and its possible 
relevance to the reproductive isolation 


Comparative studies of chromosomes of beetles 
belonging to the vigintioctomaculata-complex of 
Epilachna have been made by Yosida [44] and 
Takenouchi [36]. They found slight karyological 
differences between E. vigintioctomaculata and E. 
pustulosa at spermatogonial metaphase [44] and 
first meiotic metaphase [36]. However, their re- 
sults per se, which were obtained from out-of-date 
methods like paraffin section or squash prepara- 
tions, are not comparable with ours using current 
air-drying technique. 

We successfully revealed an apparent dif- 
ferentiation in karyotype between E. vigintiocto- 
maculata belonging to the group A and three other 
species of the group B (sensu Katakura [12]). It 
was shown that the major difference comes from 
addition of long heterochromatic segments in Nos. 
3-9 chromosomes in the group B karyotypes (Fig. 
8). Due to this alteration, those chromosomes in 
the group B show far more evident diphasic state 
than those in E. vigintioctomaculata. Diphasics are 
chromosomes with one arm heterochromatic and 
the other euchromatic. They have been found in 
several groups of beetles, such as Chilocorus of 
Coccinellidae [3-5, 29, 30], Pissodes (Curculioni- 
dae) [31, 32], and Carabus (Carabidae) [42]. 
Labelling with thymidine, Weber [42] and Ennis 
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Group A 
E. viginttoctomaculata 


Group B 

E. pustulosa 
E. niponica 
E. yasutomii 


Fic. 10. Schematic representation of karyotypes of E. vigintioctomaculata and three other species of the group B. 
Distribution of heterochromatic (unshaded) and euchromatic (shaded) segments was inferred from C-banded 


karyotypes. 


[5] demonstrated that heterochromatic arms in 
those diphasic chromosomes are late-replicating. 
Chromosome configurations which often look like 
letter Y, exhibited by most of chromosomes in the 
group B, also indicate the late replication of het- 
erochromatic arms. 

Autosomes Nos. 3-8 of Epilachna vigintiocto- 
punctata (Fabricius), another Epilachna species 
widespread in southeast Asia, totally lack short 
arms consisting of heterochromatin (Tsurusaki et 
al. unpublished data). Furthermore, no typical 
diphasics have been found in several other species 
of Epilachna [{1, 2], Tsurusaki et al. unpubl.). 
Therefore the exaggerated diphasic state is consi- 
dered to be a synapomorphy shared by three 
species of the group B. The origin of these 
heterochromatic segments is unclear. However, 
gradual heterochromatinisation of euchromatic 
arms is unlikely. Comparison of the group B 
karyotypes with the karyotype of E. vigintioctoma- 
culata suggests concurrent accretion of heter- 
ochromatic segments on short arms of autosomes 
Nos. 3 to 9 by tandem repetition of existent het- 
erochromatin, 

Although differentiation of karyotype between 
E. vigintioctomaculata and species of the group B 
in terms of the amount of heterochromatin seems 
to be profound, its relation to the speciation in the 
species-complex is uncertain. Takenouchi [36] 


failed to detect any cytological abnormality in 
spermatogenesis in male hybrids between E. vigin- 


tioctomaculata and E. pustulosa. Homologues 
from both genomes formed bivalents without any 
trouble. However, the quantitative difference of 
heterochromatin between the two groups might do 
have a substantial effect on their reproductive 
isolation. 

It has been established that there are rather 
strong postmating reproductive isolation between 
E. vigintioctomaculata and three other species of 
the group B, although the premating (sexual) 
isolation is fairly incomplete [14, 18, 20]. On the 
other hand, postmating reproductive barrier 
among three species of the group B is far from 
complete [17, 19]. The postmating isolation be- 
tween E. vigintioctomaculata and members of 
group B is characterized by the fact that hatchabil- 
ity of those F; hybrids is extremely low, whereas 
viability of the F, hybrids after their hatching is 
considerably high. Katakura and his coworkers 
attributed the low hatchability in F, hybrid to the 
incompatibility between the female genital tract 
and heterospecific sperms in the vigintioctomacula- 
ta complex [14, 20]. However some other factors 
might also be responsible for the low hatchability. 

It is well known that in early developmental 
stages of animals (e.g. before 11th cell division in 
Drosophila), m-RNAs needed for embryogenesis 
are maternally provided. On the other hand, 
genes carried by embryos do not initiate their 
transcription prior to a certain stage (usually gas- 
trulation) of embryos [7, 9, 22, 27]. If it is true for 
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the present species of Epilachna, the rate of cell 
divisions in early embryogenesis, which is expected 
to be determined by maternal gene products, may 
not synchronize with the rate of chromosome 
replication in hybrid zygote which is comprised of 
both early-replicating monophasic chromosomes 
and diphasics with late-replicating heterochroma- 
tic arms. Thus, lethality in F; hybrid embryos 
resulting from heterospecific crossings might be 
attributable to such a discordance between the rate 
of cell division and that of chromosome replica- 
tion. On the other hand, after the stages when 
zygotic mRNAs sufficiently replaced maternal 
ones, synchronization of cell division and chromo- 
some replication would be restored and it would 
not disturb embryogenesis at all in later stages and 
during postembryonic development (Fig. 11). 
This hypothesis has an advantage for parsimo- 


Embryogenesis 
Earlier stages 


1011 


nious explanation of some outstanding features 
derived from the heterospecific crossings of the 
vigintioctomaculata-complex. First, it explains 
well the high viability during larval period in 
heterospecific hybrids when they survived 
embryogenesis. Second, it can also account for the 
amelioration of hybrid fitness in later filial genera- 
tions [24]. Thirdly, it is also consistent with the 
presence of postmating reproductive isolation be- 
tween E. vigintioctomaculata and the group B and 
absence of it among the species of the latter, since 
only E. vigintioctomaculata deviates from the 
other three species of the complex in karyological 
features concerning heterochromatic amounts. 
Claims that constitutive heterochromatin may 
have played an important role in evolution and 
speciation in organisms have been appeared sever- 
al times (e.g. [6, 26, etc.]; see John [8] for the 
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During early embryogenesis, 
chromosome replication in hybrid 
zygotes might not be able to keep 
up with the pace of cell cycles that 
is likely to be determined by the 
final products of mRNAs that had 
been provided by their mothers in 
zygotes. If so, it could lead to 
hybrid lethality. 


E: early replicating euchromatic arm 
L: late replicating heterochromatic arm 


A hypothetical model that explains hybrid lethality during embryogenesis of F,; hybrid between E. 


vigintioctomaculata and other three species belonging to the group B. Chromosomes derived from both E. 
vigintioctomaculata and other three species are respectively depicted as monophasics (E) and diphasics (L and E) 


for the simplicity. 
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critical review). Those claims rest on the two 
possible effects of heterochromatin: (1) the pre- 
sence of heterochromatin might facilitate structu- 
ral rearrangements and might eventually lead to 
reproductive isolation; (2) species specificity of 
heterochromatin will confer an effective mechan- 
ism for postmating isolation if it prevents pairing of 
homologous chromosomes at meiosis [8]. Our idea 
is different from those formerly presented, for it 
postulates incompatibilities between the rate of 
chromosome replication that is determined by 
zygotic chromosomal structure per se and the rate 
of cell divisions determined by maternal gene 
products. We believe that our hypothesis deserves 
to be tested in the future study in closely related 
species with similar karyotype differentiation, as 
well as in the vigintioctomaculata-complex. 


Karyotype differentiation within species 


E. vigintioctomaculata. Both the cluster analysis 
and the principal component analysis for the 
karyotypes revealed apparent interpopulational 
variation in this species. Of the three populations, 
Is. Rebun population of the Rishiri form deviated 
to a large extent from the other two populations, 
each of which represents the Hokkaido form and 
the Honshu form, respectively. These results do 
not accord with those obtained from the analyses 
in external morphology, where no significant dif- 
ferences were found in external characters be- 
tween the Rishiri form and the Honshu form, 
although the Hokkaido form conspicuously devi- 
ates from these two in the elytral shape [12]. The 
occurrence of apparent interspecific differentiation 
in karyotypes might suggest the longer evolution- 
ary history of E. vigintioctomaculata in Japanese 
Island than ever been thought. It is premature, 
however, to conclude that the differences found in 
the karyotypes correspond well with the delimita- 
tion of three geographic races of the species, since 
each of the three forms was represented by only 
one population in the present study. Further study 
is needed to delineate the situation. 


Three species of the group B. We failed to detect 
stable differences in the karyotypes among the 
species. However there were some noteworthy 
trends: In the cluster analysis, populations belong- 
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ing to the group B were divided into two clusters, 
one consisting largely of populations of E. yasuto- 
mii (Ey) including the so-called Western Tokyo 
form and the other including two species, E. 
niponica (En) and E. pustulosa (Ep) (Fig. 6). The 
result of the principal component analysis suggests 
that this dichotomy is mainly based on the slight 
difference in arm ratios of autosomes Nos. 2 to 9 
between most populations of E. yasutomi and 
those of the other two species. There is a tendency 
that short arms of those autosomes are fairly long 
in E. yasutomii, giving those chromosomes 
metacentric appearances. 


Supernumerary Y in E. pustulosa 


In the first meiotic division, X and Y sex 
chromosomes in most males of the vigintioctoma- 
culata complex form a typical Xy, bivalent, prob- 
ably by the end-to-end association as revealed in a 
south American congener, E. paenulata [2]. 
However, an Xyyp association was also found in 
some males from various populations of E. pustu- 
losa. It is obvious that the Xyy, association was 
derived from an addition of a supernumerary Y in 
those males. Comparison of the size and shape of 
the two Y chromosomes suggests that the super- 
numerary Y emanates from the duplication of Y. 
Y chromosomes, especially supernumerary Y’s, 
have been so often treated as candidates for ances- 
tors of B chromosomes [10]. However, in the 
present cases, the two Y chromosomes are always 
incorporated in the Xyy, association, and no such 
chromosomes freed from the association just like 
true B chromosomes, were observed. 

Effects of the supernumerary Y on the external 
morphology and/or life history characteristics are 
unclear. It is unlikely that its presence alters those 
phenotypic characters, since Y per se appears to be 
heterochromatic and genetically inactive. Howev- 
er, we have not yet made direct comparisons based 
on detailed measurements. It might also have 


effects on sex ratios as exemplified in dermestid 
beetles [28, 33]. Again, however, at present we 
have no data to test this possibility in E. pustulosa. 

A structure similar to the Xyy, has also been 
reported by Takenouchi [37] in four out of five 
males of E. niponica (identified as E. pustulosa in 
his paper) collected from Naeba, Niigata prefec- 
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ture, central Honshu. However, he interpreted 
the case as Xy, in which the metacentric Y 
chromosome has a centric gap showing negative 
heteropycnosis , since no cells with two Y chromo- 
somes were found at 2nd meiotic division. Conse- 
quently, it is difficult to conceive that this unusual 
case in E. niponica represents a precursory stage of 
true Xyy, in E. pustulosa. Occurrence of the Xyy, 
may be an autapomorphy of E. pustulosa alone, 
although Takenouchi’s observation urges further 
study concerning the sex chromosome composi- 
tions in the whole members of the species- 
complex. 
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APPENDIX 


Measurements of chromosomes for 14 populations of 
the Epilachna vigintioctomaculata complex 

RL=relative length of each chromosome to TCL, 
standing for total chromosome length for haploid 
genome. Means with the standard errors are presented 
for 11 chromosomes with following order: autosomes 
Nos. 1-9, X and Y sex chromosomes. AR=average arm 
ratios (lengths of long arm/short arm) with SEs for 
autosomes Nos. 1-9 and X chromosome. 

1. Epilachna vigintioctomaculata (Honshu form), 
Shizukuishi (n=5). RL: 13.4+0.35 / 11.2+0.25 / 10.7+ 
0.19 /9.8+0.17/9.340.12/8.9+0.16/8.2+0.09/8.0+ 
0.08 / 6.4+0.22 / 14.140.43 /2.2+0.16. AR: 1.3+0.05 / 
3.0+0.44 / 3.8+0.76 /2.9+0.35 /2.3+0.17/2.7+0.17/ 
3.3+0.33 / 2.8+0.25 / 2.5+0.39 / 1.8+0.09. 

2. Epilachna vigintioctomaculata (Hokkaido form), 
Fujino, Sapporo (n=5). RL: 13.7+0.48 / 11.3+0.43 / 
9.7+0.20 / 9.5+0.18 / 9.2+0.38 / 8.5+0.14/8.3+0.14 / 
8.0+0.16 / 7.0+0.34 / 14.8+0.39 /2.7+0.35. AR: 1.14 
0.03 / 2.9+0.42 /2.4+0.48 /2.4+0.43/2.2+0.11/2.3+ 
0.23 / 2.5+0.08 / 2.30.38 / 2.6+0.33 / 1.6+0.22. 

3. Epilachna vigintioctomaculata (Rishiri form), 
Motoji, Is. Rebun (n=5). RL: 13.8+0.65 / 12.2+0.32 / 
10.3+0.22/9.8+0.16/9.6+0.12/8.9+0.22/8.3+0.09/ 
7.7+0.32 /7.7+0.09 / 11.7+0.64 /2.9+0.17. AR: 1.44 
0.09 / 1.6+0.16 /2.4+0.37/2.140.21/2.5+0.38/2.2+ 
0.24 / 2.6+0.56 / 2.5+0.25 / 2.9+0.38 / 2.8+0.22. 

4. Epilachna pustulosa (Sapporo form), Nopporo (n 
=5). RL: 11.8+0.20 / 11.4+0.22 / 10.8+0.18 / 10.4+ 
0.20 / 9.9+0.06 /9.6+0.10/9.340.22/8.7+40.13/7.3+ 
0.15 / 10.9+0.13 /2.4+0.16. AR: 1.2+0.08/1.3+0.13 / 
1.2+0.09 /1.4+0.13 /1.3+0.10/1.4+0.19/1.3+0.12/ 
1.6+0.17 / 1.5+0.26 / 1.9+0.26. 

5. Epilachna pustulosa (A population with an in- 
termediate phenotype between Nominate form and Sap- 
poro form), Hattari (n=5). RL: 12.3+0.29/11.7+0.17/ 
10.6+0.20/9.8+0.16/9.6+0.10/9.1+0.20/8.8+0.15/ 
8.4+0.21/8.0+0.17/ 11.6+0.52 / 3.6+0.07. AR: 1.2+ 
0.07 /1.7+0.35 /1.5+0.07/1.4+0.11/1.6+0.18/1.8+ 
0.32 / 1.740.15 / 1.70.26 / 1.8+0.11 / 2.2+0.41. 

6. Epilachna pustulosa (Nominate form), Kamuiko- 
tan (n=5). RL: 12.5+0.15 / 11.2+0.30 / 10.5+0.32 / 
10.1+0.19/9.6+0.13/9.5+0.15/9.1+0.12/8.7+0.09/ 
7.6+0.35 / 11.3+0.67 / 3.2+0.37. AR: 1.2+0.07/1.4+ 
0.11/1.5+0.44/1.6+0.36/1.4+0.04/1.4+0.14/1.5+ 
0.12 / 1.7+0.06 / 1.6+0.25 / 2.3+0.27. 

7. Epilachna pustulosa (A population with an in- 
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termediate phenotype between Nominate form and 
Séunky6 form), Toma (n=5). RL: 12.9+0.56 / 11.0+ 
0.31 / 10.1+0.18 / 9.9+0.16/9.4+0.12/9.1+0.13/8.9 
+0.17 / 8.340.16 / 7.8+0.22 / 12.5+0.80 / 2.9+0.31. 
AR: 1.3+0.19 / 1.2+0.08 / 1.2+0.15/1.0+0.09/1.5+ 
0.25 /1.2+0.08/1.3+0.04/1.3+0.12/1.4+0.08/1.3+ 
0.16. 

8. Epilachna niponica, Tamagawa Spa, Akita Pref. 
(n=4). RL: 11.64£0.39 / 11.0+0.22 / 10.7+0.34/9.9+ 
0.17/9.5+0.09/9.3+0.14/9.0+0.11/8.4+0.12/8.1+ 
0.13 /12.4+0.72 /3.4+0.35. AR: 1.2+0.17/1.3+0.16/ 
1.60.24 / 1.64£0.28/1.4+0.11/1.6+0.16/1.5+0.19/ 
1.5+0.33 / 1.6£0.19 / 2.0+0.27. 

9. Epilachna niponica, Yuwaku, Kanazawa (n=5). 
RL: 12.8+0.31 / 10.940.23 / 10.4+0.29 / 10.2+0.24 / 
9.6+0.14/9.2+0.18 /8.8+0.18 / 8.3+0.12/7.9+0.16 / 
11.8+0.64/2.9+0.19. AR: 1.040.10/ 1.6+0.28/1.7+ 
0.12 /1.6£0.12/1.6+0.20/1.9+0.18/1.7+0.18/1.9+ 
0.29 / 1.9+0.26 / 2.0+0.23. 

10. Epilachna yasutomii, Akan, Hokkaido (n=5). 
RL: 11.8+0.26 / 11.3+0.09 / 10.5+0.06 / 10.4+0.08 / 
9.9+0.15 /9.4+0.21/9.140.20/8.5+0.17 / 8.1+0.24 / 
11.0+0.80/2.8+0.19. AR: 1.2+0.07/1.440.10/1.3+ 
0.14/1.140.06/1.3+0.02 /1.2+0.04/1.2+0.09/1.4+ 
0.10 / 1.2+0.07 / 0.9+0.07. 

11. Epilachna yasutomii, Shiobara (n=5). RL: 11.3 
+0.25 /11.040.13 /10.5+0.13 / 10.2+0.25 /9.7+0.16/ 
9.4+0.15/8.9+0.12/8.8+0.13/7.9+40.20/12.4+0.74/ 
2.0+0.25. AR: 1.2+0.11 / 1.5+0.35 /1.240.07/1.4+ 
0.18/1.2+0.10/1.340.16/1.2+0.09/1.9+0.34/1.2+ 
0.22 / 1.0+0.09. 

12. Epilachna yasutomii (Western Tokyo form), Shi- 
momizo, Hachidji, Tokyo (n=5). RL: 12.040.26 / 11.4 
+0.13 / 10.4+0.08 / 9.9+0.10 / 9.6+0.07 / 9.4+0.14 / 
9.0+0.19/8.5+0.11/7.9+0.21 /12.0+0.23/2.2+0.10. 
AR: 1.4+0.09 / 1.3+0.04 / 1.740.42 /1.3+0.08/1.5+ 
0.06 / 1.3+0.18/1.3+0.09/1.5+0.22/1.7+0.13/2.2+ 
0.30. 

13. Epilachna yasutomii (Western Tokyo form), Mt. 
Takao, Tokyo (n=5). RL: 11.8+0.42 /11.1+0.32/ 10.3 
+0.21/9.8+0.21/9.6+0.16/9.3+0.06/9.0+0.08/ 8.6 
+0.05 / 8.140.11 / 12.340.61 / 2.8+0.06. AR: 1.1+ 
0.08 /1.1+0.10/1.1+0.11/1.1+0.07/1.1+0.10/1.2+ 
0.09 / 1.2+0.10 / 1.2+0.13 / 1.4+0.17 /1.9+0.30. 

14. Epilachna yasutomii (Western Tokyo form), Nip- 
para, Tokyo (n=5). RL: 12.5+0.64/11.5+0.28/10.8+ 
0.13 / 10.3+0.12 / 9.6+£0.13 / 9.3+0.15 /9.1+0.21/ 8.4 
+0.17 / 7.140.44 / 11.5+40.98 / 3.2+0.18. AR: 1.4+ 
0.18/1.340.16/1.6+0.23 /1.5+0.25/1.2+0.05/1.3+ 
0.12 / 1.2+0.06 / 1.3+0.14 / 1.2+40.13 / 2.2+0.23. 
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Geographic Variation in the Pes of the Salamander Hynobius lichenatus: 
A Comparison with Tetradactyl Hynobius hidamontanus 
and Pentadactyl Hynobius nigrescens 


MASATO HAsumI and HIsAAki IWASAWA 


Biological Institute, Faculty of Science, Niigata University, 
Niigata 950-21, Japan 


ABSTRACT— Variation in the pes was examined radiographically in 858 feet of three species of the 
genus Hynobius. The fifth toe of H. lichenatus was sometimes missing or barely expressed, caused by 
the absence of the fifth tarsale or by the fusion of the fourth and fifth tarsalia. Although the phalangeal 
formula was stable in H. hidamontanus (22320) and H. nigrescens (22332), it was highly variable in H. 
lichenatus (22332 and 31 other types were observed). In H. hidamontanus and some populations of H. 
lichenatus, there were unusual lots of feet with unossified first centrale and tibiale. Moreover, the 
unossification of the fifth tarsale, not influencing the occurrence of the fifth toe, was found in one 
population which corresponded to the southern limit of distribution of H. lichenatus. A postminimus 
(=extra ankle bone), occurring in some primitive tetrapods, appeared sporadically on the postaxial side 
in the tarsus of H. lichenatus and H. nigrescens, but not of H. hidamontanus. The complete absence of 
both the fifth toe and the postminimus, and the presence of only two centralia, due to the fusion of the 
second and third centralia, suggest that H. hidamontanus is one of the most derived groups among the 


Hynobius species. 


INTRODUCTION 


Foot morphology has traditionally provided the 
systematic characters used in taxonomy [2]. The 
absence of the fifth toe occurs sporadically in 
genera of different groups of urodeles [15]. Noble 
[32] mentioned that the presence or absence of the 
fifth toe was considered a generic character in 
families except in Hynobiidae. Hynobius is a 
genus of this family that includes the most primi- 
tive living salamanders [10]. Hynobius lichenatus 
is broadly distributed in northeastern Japan, and 
its external morphology markedly varies in its 
geographic range [18—20, 38]. The fifth toe of this 
species is sometimes missing or barely expressed 
[7, 12, 19, 26, 29, 31, 38, 39] as well as that of H. 
kimurae [38]. 

In H. lichenatus, Maruyama [29] noted variation 
in the pes in one population, and Aoki [7] reported 
the absence of the fifth tarsale in one specimen 
with the rudimentary fifth toe. However, detailed 
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data are not available on intra- and interspecific 
variation in the pes of Hynobius species. We 
report here geographic variation in the pes of H. 
lichenatus, in comparison with that of the tetradac- 
tyl H. hidamontanus or the pentadactyl H. nigres- 
cens, and discuss the cause of fifth toe missing and 
phylogenetic relationships of these taxa to other 
members of the family Hynobiidae in considering 
primitive and derived characters. 


MATERIALS AND METHODS 


283 male and 49 female adults of Hynobius 
lichenatus Boulenger were collected at random 
from 19 oviposition sites in northeastern Honshu, 
the mainland of Japan, during the breeding sea- 
sons of 1983-1985. For comparison, 18 adult 
males of H. hidamontanus Matsui were collected 
from one population in 1989, and 48 male and 31 
female adults of H. nigrescens Stejneger, from two 
populations in 1984, 1990, and 1993. The sample 
sites are shown in Figure 1 and the Appendix. 
Sample sites 16-19 nearly correspond to the south- 
ern limit of distribution for H. lichenatus. 


Pacific 


Fic. 1. Map of northeastern Honshu, the mainland of 
Japan, showing sample sites of Hynobius lichenatus 
(1-19), H. hidamontanus (20), and H. nigrescens 
(21, 22). See the Appendix. 


As soon as possible after collection, the animals 
were anesthetized with 0.01% p-aminobenzoic 
acid ethyl ester aq. and fixed in 10% formalin. The 
right and left feet of each animal were cut off at the 
groin, marked with string, and preserved in 70% 
ethanol. Radiographs of these 858 feet were taken 
with SOFRON equipment (Type SRO-MS5S0, 
Soken Co., Ltd., Tokyo). Voucher specimens are 
currently stored in the Zoological Specimen 
Room, Biological Institute, Faculty of Science, 
Niigata University, Japan. 

The composition of the pes of H. lichenatus is 
depicted in Figure 2. In the pes the bony shape 
and size were disregarded when investigating pha- 
langeal formulae and numbers of tarsals. When 
there was a clear boundary between two bones 
fused (e.g., between two phalanges, phalanx and 
metatarsal, two tarsalia, tarsale and centrale, tar- 
sale and fibulare, two centralia, first centrale and 
tibiale, or fibulare and intermedium), each bone 
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Fic. 2. Diagram showing the composition of the pes 
(left, dorsal view) of Hynobius lichenatus. 1, 1st toe; 
II, 2nd toe; III, 3rd toe; IV, 4th toe; V, 5th toe; c, 
centrale; fi, fibula; fib, fibulare; i, intermedium; m, 
metatarsal; 0, outline; p, phalanges; pm, postmini- 
mus; t, tarsale; ti, tibia; tib, tibiale. 


was counted separately. Unossified cartilage can- 
not be detected radiographically [18]: this cartilage 
is faintly visible in X-ray photographs, but occa- 
sionally invisible. Unossified tarsal cartilages were 
included in the number of tarsal bones, presuming 
empty elements of the tarsus (=ankle region) 
except for a postminimus element because of its 
position on the postaxial side. Data for both sexes 
were combined because there was little difference 
between them. Regarding the phalangeal formula 
and the number of tarsal elements, the frequency 
of right-left asymmetry was examined in each 
population. 


RESULTS 


Phalangeal formulae 
In H. lichenatus, although the phalangeal formu- 


lae were highly variable with 32 types, many feet 
had a phalangeal formula of 22332 for the number 
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of phalanges from the first toe to the last one 
(Table 1 and Fig.3A). However, the relative 
frequency of specimens with the other phalangeal 
formulae was much higher in some localities. 
Especially in sample site 6, a phalangeal formula of 
22330 (13/36, 36.1%) or 22331 (11/36, 30.6%) was 
generally seen. Among feet with a phalangeal 
formula of 22332, the rates of specimens consisted 
of phalanges shrunken and nearly fused were 0/4, 
2/15, 2/2, 3/8, 5/14, 4/4, 16/62, 6/25, 6/9, 6/9, 2/ 
7, 0/22, 2/14, 17/93, 8/27, 4/16, 5/13, 2/15, and 
18/93, respectively from sample sites 1-19. 

The phalangeal formulae could not be applied to 
the following four specimens: (1) in one right foot 
in sample site 2, the rudimentary fifth toe had 
three very tiny bones close to the fourth metatar- 
sal, the third and fourth tarsalia were fused into a 
much larger element which supported both the 
third and fourth metatarsals, and the fifth tarsale 
was absent; (2) in one right foot in sample site 5, 
the deformed second toe had a branched large 
phalanx which rested upon the enlarged second 
metatarsal, the rudimentary fifth toe consisted 
only of the very thin fifth metatarsal, the enlarged 
tarsale 1+2 and the first centrale were nearly 
fused, and the fifth tarsale and fibulare appeared to 
be fused though their boundary was clear (Fig. 
3B); (3) in one right foot in sample site 8, the 
underdeveloped fifth toe had a single phalanx 
resting upon the slender metatarsal which bran- 
ched from the fourth metatarsal, the fifth tarsale 
was lacking, and the first centrale and tibiale were 
fused; and (4) in one right foot in sample site 15, 
the rudimentary fifth toe had the same phalanx as 
that in sample site 8 mentioned above, the fourth 
metatarsal bore two phalanges, and the fourth and 
fifth tarsalia were fused. 

In sample site 14, two feet were false tetradacty- 
ly: one right foot had a phalangeal formula of 
22302 and no fourth metatarsal, but the fourth 
tarsale was present (Fig. 3C); and the other right 
foot had a phalangeal formula of 22022 and a tiny 
third metatarsal, assuming a triangle-like appear- 
ance. In sample site 18, one right foot with the 
underdeveloped fifth toe was false pentadactyly 
and had a phalangeal formula of 22320 and no fifth 
metatarsal, although the fifth tarsale was normal 
(Fig. 3D). 
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In H. hidamontanus, 34 of 36 feet (94.4%) had a 
phalangeal formula of 22320; and in H. nigrescens, 
148 of 158 feet (93.7%), a phalangeal formula of 
22332 (Table 1 and Fig. 4). The rates of different 
phalangeal formulae on right and left sides (right- 
left asymmetry) were 0/2, 3/11, 0/3, 5/12, 4/15, 
8/18, 7/38, 13/25, 1/5, 4/7, 3/5, 5/15, 3/13, 14/ 
54, 7/18, 4/10, 3/9, 6/12, 17/60, 2/18, 8/59, and 
2/20, respectively from sample sites 1-22. 


Number of tarsals 


In H. lichenatus, the number of tarsals was 
variable, ranging from 6 to 12 (Table 2); and the 
tarsus was composed of 10 tarsal elements in many 
populations (Fig. 3A), but eight or nine elements 
in some. In the tarsus, there were four tarsalia 
which consisted of the enlarged tarsale 1+2 and 
the third, fourth, and fifth tarsalia in nature; 
however, three tarsalia were also seen, due mainly 
to the fusion of the fourth and fifth tarsalia or to 
the absence of the fifth tarsale. The specimens 
having three tarsalia were more numerous in some 
populations (e.g., sample site 6, 22/36, 61.1%; 
sample site 8, 27/50, 54.0%; sample site 17, 13/18, 
72.2%). The number of centralia was three in 
general in the tarsus, but two centralia, due to the 
fusion of the second and third centralia, were 
normally seen (e.g., sample site 4, 15/24, 62.5%; 
sample site 5, 21/30, 70.0%; sample site 6, 18/36, 
50.0%; sample site 8, 32/50, 64.0%), to some 
extent independently of the occurrence of the 
three tarsalia. For example, in sample site 17, 17 
of 18 feet (94.4%) had three centralia despite the 
three tarsalia in 13 feet. The smaller number of 
tarsal elements partially coincided with the smaller 
number of phalanges, especially the fifth two pha- 
langes. A unique right foot having six tarsal bones 
which appeared in sample site 6 was composed of 
tarsale 1+2, the fused third and fourth tarsalia 
which supported both the third and fourth meta- 
tarsals, the fused first centrale and tibiale, the 
fused second and third centralia, the fibulare, and 
the intermedium, and had a phalangeal formula of 
12320 (Fig. 3E). One right and three left feet 
contained 12 tarsal bones, due to having four 
centralia and the postminimus in sample sites 7 and 
12, and five centralia (Fig. 3F) in sample sites 14 
and 16. 
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TaBLE 1. Intra- and interspecific variation in the phalangeal formula in the foot of Hynobius lichenatus 
(sample sites 1-19), H. hidamontanus (20), and H. nigrescens (21, 22) 


Phalangeal Sample site 


formulae 12 3 °4°5'6 7 8 *9 “10 11 12 13) dal 15) 16) 1718) sO OMNI 


00032 1 

02221 1 

02331 1 

12210 1 

12220 1 

12320 3 i il 
12322 1 1 1 

12330 2 

12331 3 

12332 1 1 

20031 1 

20332 1 

21322 1 1 

21330 1 

21331 1 1 1 

21332 1 1 1 
22022 1 

22132 2 1 

22211 1 
22220 1 

22222 1 1 1 1 
22230 1 

22232 1 1 yD 1 2 
22302 1 1 

22311 1 

22320 1 5 2 1 2 1 1 2 34 1 
22321 1 1 

22322 1 1 3 D; 2 2 
22330 il 3 1 3 il 
22331 DOT ae Ul Lala «yates Ua alia) enh ea (OY. 55) mm 2) 2 Ge IT 1 
22332 4 15 SS 1) 4b 7S OD FF Bie &3 a7 io 13 15 93 110 38 
22343 1 
22431 1 

23331 1 

Extra 1 1 1 1 


Sample size 4 22 6 24 30 36 76 50 10 14 10 30 26 108 36 20 18 24 120 36 118 40 


Wore 
& 
~ 
om 
ie) 
lon 
N 


Figures indicate the number of specimens. 


Fic. 3. X-ray photographs of the pes of Hynobius lichenatus. Dorsal view of the “left” pes is shown for the 
convenience of the readers. The original right pes is expressed by asterisks superscribed the alphabetical 
numbers. Scale bar represents 5 mm. (A): Standard. (B*): Anomaly (see text). (C*): False tetradactyly without 
the fourth toe. (D*): False pentadactyly (arrows) without the fifth phalanges and metatarsal, and with the fifth 
tarsale. (E*): Tetradactyly with six tarsal elements. (F): Pentadactyly with five centralia, appearing in the 
primitive tetrapods. (G): Tetradactyly with the same composition as that of H. hidamontanus (see Fig. 4A). 
(H*): Tetradactyly with the fused third and fourth tarsalia. (I*): Tetradactyly with 11 tarsals including very tiny 
two. (J): Tetradactyly with the fifth tarsale and the unossified first centrale and tibiale. (K*): Pentadactyly with 
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the rudimentary fifth toe despite jts normal phalanges and metatarsal. (L*): Pentadactyly with the rudimentary 
fifth phalanges and metatarsal. (M*): Pentadactyly with the unossified tibiale. (N): Pentadactyly with the 
unossified first centrale and tibiale. (O*): Pentadactyly with the unossified fifth tarsale, first centrale, and tibiale. 
(P*): Pentadactyly with the postminimus (arrow), also appearing in the primitive tetrapods. 
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In 35 of 36 feet (97.2%) of H. hidamontanus, the _ the absence of the fifth two phalanges was due to 
tarsus was composed of eight tarsal elements with the absence of the fifth tarsale or the fusion of the 
three tarsalia and two centralia (Table 2 and Fig. fourth and fifth tarsalia. The absence of the fifth 
4). In H. nigrescens, 134 of 158 feet (84.8%) hada metatarsal, revealing the complete absence of the 
tarsus with 10 tarsals, mainly due to having four 
tarsalia and three centralia. 

The rates of different numbers of tarsals on right 
and left sides (right-left asymmetry) were 0/2, 4/ 
il, IWS), SHIA, AIS), BWI, IS/B3, WAS, WS, SM, 
2/5, 6/15, 3/13, 20/54, 8/18, 3/10, 3/9, 3/12, 22/ 
60, 1/18, 10/59, and 3/20, respectively from sam- 
ple sites 1-22. 


Pes composition 


The fifth toe was missing from the external 
morphology of some feet of H. lichenatus, but in ' s a 
the pes a few feet had the very slender fifth Fic.4. X-ray photographs of the standard pedes (left, 
metatarsal supported by no tarsale, or the fused dorsal view) of Hynobius hidamontanus (A) and H. 
fourth and fifth tarsalia (Table 3). In sample site 6, ee) ESS an 


TABLE 2. Intra- and interspecific variation in the number of tarsal elements in the tarsus of Hynobius 
lichenatus (sample sites 1-19), H. hidamontanus (20), and H. nigrescens (21, 22) 

Sample Sample Number of tarsals Number of tarsalia Number of centralia 

SMe SE 6 FR OS 10 122 


1 4 2 D 4 4 
2 22 1 Dr eae O(a I DOS HG VO) i 

3 6 3(3) 1(1)  2(2) 4 2 3(2) 3(3) 

4 24 1(1) 7(2) 9(3) — 7(2) 1 9  14@) 15(6) 9(1) 

5 30 2(2) 71) 144) 6) 1 2 OD  16Q) MO) Ai) il 

6 260u all 13(3) 11(3) 11(7) l 2 113 1 18(3) 17(6) 

7 16 il 1 § SIO) .g 1 131463 8 GO) 5 

8 50 1-17) 24(14)  8(3) 127 2) 32(11) 18(9) 

9 10 11) 9(3) 2 8 1(1) 9(3) 

10 14 ee OF eal) Aarti Be 

ist 10 Deal 7(2) 1 9 1, 2 7e) 

12 30 1 9(1) 15(3) 4 1 [a3 13) 226)mee 

13 26 2(2) 2 6(2) 16(2) 2 2 XO 8(2) 18(2) 

14 108 7 16(2) 79(6) 5 1 14 94 13(2) 89(6) 5 1 
15 36 3 18 ISG) SM) ie ee 10) etl 2G) (i) 
16 20 1 2 46 1 t 1 2 Ne NG 1 
17 18 h 1M) 8 13 5 he iy 

18 24 1 3(2) 204) 1 2 DA) 1(1) 23(5) 

19 120 5(4) 15(14)33(19) 65(41) 2 5 30(4) 85(16) 38(18)80(36) 2 

20 36 35(21) 1 36 35(17) 1 

21 118 1 3(1) 5(1) 102(8) 6 1 6 112 6 1091) 3 

22 40 1 i) 2 . Bp 4 iy eu sG)) Sy 


Figures indicate the number of specimens. The number of specimens with unossified tarsal(s) is in parentheses. 
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fifth toe, was caused mostly by the absence of the 
fifth tarsale and partly by the fusion of the fourth 
and fifth tarsalia (Figs. 3G-J). In sample site 17, 
the fusion of the third and fourth tarsalia or the 
fourth and fifth tarsalia resulted in the occurrence 
of the seemingly rudimentary or underdeveloped 
fifth toe [19] which normally consisted of the fifth 
metatarsal and two phalanges close to the fourth 
metatarsal and three phalanges (Figs. 3K, L). The 
tarsus contained the unossified fifth tarsale, first 
centrale, or tibiale in some feet (Figs. 3M-O). In 
sample site 19, there were unusual lots of feet with 
the unossified first centrale (54/120, 45.0%) and 
tibiale (78/120, 65.0%). In this site, there were 
comparatively numerous feet in which the fifth 
tarsale did not ossify (20/120, 16.7%), indicating 
that the unossification of the fifth tarsale did not 
influence the absence of the fifth metatarsal. The 
fusion of the second and third centralia was very 
often seen in the tarsus in many populations. The 
postminimus appeared in some populations (Fig. 
3P), and its rate of appearance was relatively high 
in sample sites 15 (5/36, 13.9%) and 7 (9/76, 
11.8%) of large sample size. 

In H. hidamontanus, although the rudimentary 
fifth metatarsal was found in two of 36 specimens 
(5.5%), none had the fifth toe, phalanx, and 
tarsale, or the postminimus (Table 3 and Fig. 4). 
Also, the fusion of the second and third centralia 
was seen in 35 feet (97.2%) and there were un- 
usual lots of feet with unossified first centrale (17/ 
36, 47.2%) and tibiale (21/36, 58.3%). In H. 
nigrescens, the fifth toe, two phalanges, metatar- 
sal, and tarsale were missing in only one of 158 feet 
(0.6%), the fusion of the second and third centra- 
lia was found in only eight (5.1%), and the post- 


minimus appeared in 10 (6.3%). 


DISCUSSION 


Missing fifth toe 


The fifth toe of H. lichenatus was sometimes 
missing or poorly expressed, due to the absence of 
the fifth tarsale or the fusion of the fourth and fifth 
tarsalia. The loss of the fifth toe occurs sporadical- 
ly in genera of different groups of urodeles [15]. 
Noble [32] stated that in families other than Hyno- 
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biidae the presence or absence of the fifth toe was 
considered a generic character. For example, the 
fifth toe of the genus Echinotriton (Salamandridae) 
is completely absent or barely expressed [34]. 
However, this situation reverts in the closely re- 
lated genus Tylototriton [21, 22] having well- 
developed fifth toes [34]. The Italian newt Sala- 
mandrina terdigitata (Salamandridae) always lacks 
the fifth toe [15, 32]. Wiedersheim [45] depicted 
the absence of the fifth tarsale in the tarsus of this 
species. In contrast to this, according to Schma- 
Ihausen [41], Salamandrella keyserlingii (Hyno- 
biidae) normally has the fifth tarsale, developing to 
fuse later with the fourth tarsale, despite its tetra- 
dactyly [42]. In H. lichenatus the fifth toe must be 
completely expressed if the fifth tarsale is normally 
present in the tarsus. Possibly the presence or 
absence of the fifth toe of this species is an 
ontogenetic problem, due to tarsal reduction [5]. 

On the other hand, members of the genus 
Hynobius with a perfectly tetradactyl foot had 
been unknown until Matsui [30] described a new 
species of this genus as H. hidamontanus, the fifth 
toe of which is not even rudimentary. In the 
present study, although this species possessed 
neither the fifth tarsale nor the fifth phalanx, the 
rudimentary fifth metatarsal was found in two of 36 
specimens, and this did not result in the occurrence 
of the fifth toe. Nonetheless, possession of the 
tetradactyl foot suggests that this species is one of 
the most derived members among the Hynobius 
species [24], though its genetic distance appears 
not to support this suggestion [30]. 


Postminimus 


A postminimus appeared sporadically in the 
tarsus of H. lichenatus, and its rate of appearance 
was relatively high in a few populations (e.g., 
13.9% in sample site 15, 11.8% in sample site 7). 
Extra ankle bones occur in some primitive tetra- 
pods, a prehallux on the preaxial side and a 
postminimus on the postaxial side [27, 47]. 
Schmalhausen [40] reported that the tarsus of 
Ranodon sibiricus (Hynobiidae) consisted of 12 
tarsals: intermedium, tibiale, fibulare, four centra- 
lia, four tarsalia, and a postminimus. Salamandrel- 
la keyserlingii (Hynobiidae) has the postminimus 
in the tarsus [41, 42]. At least in several taxa of 
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TABLE 3. Intra- and interspecific variation in the condition of the pes of Hynobius lichenatus 
Sample Sample Absence of Absence of Absence of Absence of Unossified 

site size toe 5 phalanges 5 metatarsal 5 tarsale 5 tarsale 5 

1 4 0 0 0 0 0 

D 22 0 2 0 1 0 

3 6 0 0 0 0 0 

4 24 4 5 3 5 2 

5 30 3 7 2 2 2 

6 36 9 21 7 6 0 

fi 76 0 2 0 0 0 

8 50 3 4 3 3 2 

9 10 0 0 0 0 0 
10 14 0 0 0 0 0 

11 10 0 0 0 0 0 
12 30 1 2 1 1 0 
13 26 4 6 2 3 0 
14 108 4 3 2 3 0 
15 36 2 2 2 DD 0 
16 20 0 1 0 0 0 
iG) 18 0 0 0 0 0 
18 24 0 1 1 0 4 
19 120 5 6 4 3 20 
20 36 36 36 34 36 0 
21 118 0 0 0 0 0 
22 40 1 1 1 0 


Figures indicate the number of specimens. 


hynobiids the postminimus certainly occurs, in- 
dicating that this family remains primitive among 
living salamanders. The absence of the postmini- 
mus from the samples examined in H. hidamonta- 
nus prompts us to reconsider its phylogenetic 
relationship to other members of this family. 


Unossified tarsal cartilages 


The tarsus of H. lichenatus normally consisted of 
well-ossified tarsal elements, but occasionally pos- 
sessed a few unossified tarsal cartilages, restricted 
almost to the first centrale and the tibiale. These 
cartilages were relatively numerous in some 
populations (e.g., the unossified tibiale more than 
30% in sample sites 3, 4, 5, 6, 8, and 9), in which 
the snout-vent length (SVL) was much smaller 
except in sample site 6, and the fifth toe was barely 
expressed except in sample site 9 [19]. In sample 
site 19, however, there were unusual lots of feet 
with the unossified tibiale (65.0%) even though the 


specimens had a greater SVL and a more de- 
veloped fifth toe [19]. Moreover, 45.0% of the first 
centralia and 16.7% of the fifth tarsalia did not 
ossify in this population: the unossification of the 
fifth tarsale was very rare in the other populations. 
Although Nussbaum [33] stated concerning 
Dicamptodon ensatus (Dicamptodontidae) that the 
ossification of tarsal cartilages was the result of 
aging rather than of metamorphosis, Necturus 
(Proteidae) species has the tarsus with six cartilagi- 
nous tarsals throughout its aquatic life [16, 23], and 
Alberch [1, 2] and Alberch and Alberch [4] de- 
picted cartilaginous tarsals in the tarsus of the 
genus Bolitoglossa (Plethodontidae) throughout its 
terrestrial life. It is not known when ossification of 
the tarsals occurs in H. lichenatus and whether all 
tarsal elements ossify simultaneously. 

Francis [14] reported concerning Salamandra 
salamandra (Salamandridae) that the first centrale 
and the tibiale normally remained cartilaginous. 
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(sample sites 1-19), H. hidamontanus (20), and H. nigrescens (21, 22) 


Tarsalia Unossified Unossified Centrale 1 Centralia Fibulare + Presence of 
4+5 centrale 1 tibiale + tibiale 2+3 intermedium postminimus 
0 0 0 0 4 0 2 
6 2 2 0 2 0 2 
4 5 6 0 3 0 0 
5 7 8 0 15 0 0 
9 3 10 0 21 0 0 
16 9 13 1 19 0 2 
13 ?) 2 0 8 0 9 
25 20 20 0 32 1 1 
2 4 4 0 1 0 2 
3 0 0 0 2 2 1 
1 2 2 1 3 0 0 
6 4 4 1 4 0 2 
3 4 4 0 8 0 0 
11 8 8 0 13 2 0 
5 2 2 1 12 0 5 
1 0 0 1 3 0 0 
11 0 1 0 1 0 0 
3 6 6 0 1 0 0 
25 54 78 0 38 0 0 
0 17 21 0 35 0 0 
6 1 10 1 6 0 6 
4 1 1 1 2 0 4 


Hilton [23] observed the unossified first centrale 
and tibiale in the tarsus of Taricha granulosa 
(Salamandridae). It is therefore likely that the 
unossification of only these two elements normally 
occurs in adult salamanders of several species, 
though probably the tarsus with the unossified fifth 
tarsale which bears the fifth metatarsal is not 
normally present except in specimens of sample 
site 19 of H. lichenatus. In this site, it was 
interesting that there were unusual lots of feet with 
unossified first centrale and tibiale, similar to those 
of H. hidamontanus. Also, the skull shape of all 
specimens in this site differs articulately from that 
in the others and the maxilla-maxilla length/snout- 
condyle length is the greatest of all populations 
examined (Hasumi, personal observation). This 
population, which corresponds to the southern 
limit of distribution of H. lichenatus, appears out 
of intraspecific variation in the osteological charac- 
ters of this species, and therefore its validity as H. 
lichenatus must be reconsidered. The presence of 


several cryptic taxa has already been suggested in 
this species [30]. However, the present results 
suggest that interpopulation variation in the pes of 
this species is an ontogenetic problem except in 
sample site 19. 


Terminology 


A tarsal element, which rests upon the tibiale 
and often provides partial support for the first 
metatarsal, is generally called the first centrale [28, 
34, 37, 41, 42]. The same element is also called the 
cartilago prehallucis [14, 25, 29], the tarsale pre- 
hallucis [27], the naviculare [9], or the mediale [2, 
40]. According to Schmalhausen [41] and de 
Saint-Aubain [9], however, the prehallucis rests 
upon the first centrale. On the other hand, 


Wiedersheim [45], Osawa [35], and Branch [8] 
regarded the first centrale as the first tarsale. We 
considered here the possibility of the separation of 
the tarsale 1+2 in the tarsus of Andrias japonicus 
(Cryptobranchidae), but confirmed in its skeletal 
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specimen that 


erroneous. 


Osawa’s [35] description was 


A tarsal element which bears a metatarsal is 
generally designated as the tarsale [12, 15, 32, 34, 
40, 42, 44, 47]. The distal tarsal [1-3, 6, 9, 13, 17, 
28, 35, 37, 41, 43, 46] and the basal tarsal [14] are 
normally employed for this element. Duellman 
and Trueb [11] erroneously used for it the term 
“tarsal”, any bone lying between the tibia and/or 
fibula and the metatarsals [36]. 

The postminimus [27, 41, 47] is also called the 
posttarsale [42]. Except those mentioned above, 
the terminology for the pes does not seem to be 
very confused, to the best of our knowledge. 
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APPENDIX 


Sample sites 


Hynobius lichenatus: (1) Maedanome. Goshogawara- 
shi, Aomori Prefecture: (2) Kudoji, Hirosaki-shi, 
Aomori Pref.; (3) Mt. Ajara-yama. Ohwani-machi. 
Aomori Pref.: (4) Mase-keikoku. Hachimori-machi, 
Akita Pref.: (5) Natsuzaka. Takko-machi. Aomoni Pref.: 
(6) Kawamata, Tamayama-mura, Iwate Pref.: (7) Hiru- 
kawa, Ohmagari-shi, Akita Pref.: (8) Idosawa, Ichi- 
noseki-shi, Iwate Pref.: (9) Yamanome, Ichinoseki-shi. 
Iwate Pref.: (10) Iragawa, Atsumi-machi, Yamagata 
Pref.; (11) Hataya, Yamanobe-machi, Yamagata Pref.: 
(12) Mt. Ninoji-dake, Shibata-shi, Niigata Pref.: (13) 
Hibara. Kitashiobara-mura, Fukushima Pref.: (14) Yuta- 
gami. Tagami-machi, Niigata Pref.: (15) Kamijo, Kamo- 
shi, Nugata Pref.; (16) Tanne. Kashiwazaki-shi. Niigata 
Pref.; (17) Mt. Atema-yama, Tokamachi-shi. Niigata 
Pref.; (18) Okushiobara, Shiobara-machi, Tochigi Pref.: 
and (19) Fujiwara, Minakami-machi, Gunma Pref. 

H. hidamontanus: (20) Ochikura. Hakuba-mura. 
Nagano Pref. 

H. nigrescens: (21) Mt. Tenjin-yama. Iwamuro-mura. 
Niigata Pref. and (22) Maikomidaira, Oumi-machi. 
Niigata Pref. 
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A systematic study of three species of Celleporina (Bryozoa, 
Cheilostomata) from Hokkaido, Japan with special 
reference to their early astogeny 


Hiromi IKEZAWA and SHUNSUKE F. MAWATARI 


Systematics and Evolution, Division of Biological Sciences, Graduate 
School of Science, Hokkaido University, Sapporo 060, Japan 


ABSTRACT—Celleporina porosissima and two new species, C. umbonata n. sp. and C. fusiforma n. 
sp., from Hokkaido, Japan are described with emphasis on early astogeny. Among its congeners, C. 
umbonata 0. sp. is unique in possessing three such characteristics in combination as, a single frontal 
umbo, a subterminal avicularium on its column, and the avicularian frontal at a night angle to the orifice; 
C. fusiforma is distinct in having the combination of spiramina on frontally budded zooids, a tabula with 
entire peripheral pores, and pisiform colonies. The three species differ in astogenetic features as 
follows: The ancestrulae of C. porosissima have a budding zone around the distal half from which the 
first zooid buds off; those of the two new species have a pair of disto-lateral buds from which the first 
paired zooids bud simultaneously. As the presence of paired zooid buds is assumed to be a 
synapomorphy, Celleporina umbonata n. sp. and C. fusiforma n. sp. are considered to be more closely 


related to each other than to C. porosissima. 


INTRODUCTION 


Members of the family Celleporidae develop 
multilaminar colonies in which zooids are heaped 
upon each other. As in the single-layered encrust- 
ing species, such multilaminar colonies start with a 
single encrustation which is formed by repeated 
budding at the colony margin. Early in their 
astogeny (ontogeny of a colony), the zooids in the 
primary layer begin to bud frontally, becoming 
buried under the secondary layer of zooids thus 
budded. Subsequently, it is impossible to see any 
features of the primary layer. Encrusting species 
of Celleporidae, therefore, have been so far clas- 
sified according to the morphology of the frontally 
budded zooids in the outermost layer of colonies. 
This causes some systematic problems: 1) a limited 
number of taxonomic characters may make their 
classification inaccurate or bring a wrong iden- 
tification; 2) small colonies with a single layer of 
zooids can not be identified; 3) lack of information 
on early astogeny makes phylogenetic reconstruc- 
tion difficult. Pseudocelleporina triplex may be the 
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first celleporid in which early astogenetic changes 
were fully described to supplement the morpholo- 
gy of mature colonies [19]. However, recent 
taxonomic studies of Celleporina, a large genus of 
Celleporidae, have still paid attention only to 
those superficial features [1, 5, 6, 10, 12-14, 21]. 
Although using modern taxonomic methods such 
as scanning electron microscopy, they failed to 
consider any phylogenetic relationships among the 
congeners. 

In Japan, twelve Celleporina species including 
Cenozoic fossils have been reported so far [3, 8, 9, 
18, 22-25, 28]. They were described using only the 
limited characters of the frontally budded zooids, 
with poor-quality illustrations, so that discrimina- 
tion between the species is difficult and their 
phylogenetic relationships are difficult to ascer- 
tain. 

In Hokkaido, at least three species of Cellepor- 
ina are distributed intertidally. Taking the above- 
mentioned taxonomic problems into account, we 
have examined the Celleporina species from 
Muroran and Oshoro-Bay, based on many speci- 
mens of various sizes including small colonies 
obtained by laboratory culture. The present paper 
deals with the systematics of three Celleporina 
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species, C. porosissima, C. umbonata n. sp. and C. 
fusiforma n. sp., of which ancestrulae (first-formed 
zooid of a colony) and young colonies as well as 
mature colonies are described in detail by the aid 
of scanning electron microscopy. The phylogene- 
tic relationships between the three are later discus- 
sed in terms of cladistic analysis. 


MATERIALS AND METHODS 


Celleporid colonies attached to algae were col- 
lected during 1990-1991, from the rocky flat, 50 
cm deep, near the Oshoro Marine Biological Sta- 
tion, Hokkaido University, Oshoro, and from the 
intertidal zone on the coast of Muroran. Speci- 
mens were carried back to Sapporo and deposited 
in a seawater-filled aquarium with aeration in the 
Centre for Experimental Plants and Animals, 
Hokkaido University. 

Specimens of various colony sizes were fixed and 
preserved in 10% formalin-seawater. They were 
cleaned with sodium hypochlorite solution, rinsed 
and dried prior to the observation and measure- 
ment under a binocular microscope (Wild M5A 
type). The dried specimens were coated with gold 
by an ion sputter (JEOL: JFC-1100E) and 
observed with the aid of a scanning electron micro- 


ventral 
(frontal) 


proximal 


Fic. 1. 


proximal 
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scope (JEOL: JSM-35 or JSM-5400LV). Cuticular 
parts were photographed under an optical micro- 
scope (Olympus: BH-2), after fixed specimens 
were decalcified in EDTA or dilute HCl and 
soaked in sodium hypochlorite solution for a few 
minutes and mounted with Amman’s lactophenol 
[2] on glass slides with coverslips. 

In some live colonies, tentacle number of zooids 
was counted under a binocular microscope. Some 
mature specimens were cultured for several weeks 
to obtain larvae. Larvae released from mature 
zooids were transferred to small vessels (6.0 cm 
diameter), in which they were allowed to attach to 
the inner surface. Development of attached indi- 
viduals was observed daily. After culturing for 
nearly two weeks, developed ancestrulae and small 
colonies with a few zooids were detached from the 
vessels by soaking in sodium hypochlorite solution. 
After they were rinsed and dried, the same proce- 
dure described above was applied for scanning 
electron microscopy. 

The specimens described here were deposited in 
the Zoological Institute, Faculty of Science, Hok- 
kaido University (ZIHU), Sapporo. 

Before going further, some morphological terms 
for describing Celleporina species should be rede- 
fined. Compared with major groups of bryozoans 


lateral 


frontal 
ventral 


roximal 
(frontal) P 


dorsal lateral 


(basal) 


Schematic diagrams showing the orientation of zooids and their accessories in Celleporina A: A distally 


budded zooecium. B: A frontally budded zooecium. C: An ovicell. D: An avicularium. Dotted areas indicate 


the circum-orificial part of the distal zooecial wall. 
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characterized by having unilaminar colonies, most 
celleporids have multilaminar colonies with zooids 
of modified construction and unique orientation of 
some zooidal features. For example, the term 
“frontal” may refer to different zooidal orienta- 
tions in uni- and multi-laminar colonies. Recum- 
bent zooecia in small colonies of Celleporina are 
made by a flat distal wall and a convex frontal 
shield (Fig. 1A): the former has an orifice at the 
center surrounded by avicularia and a peristome; 
the latter has marginal areolae from which “fron- 
tal” budding occurs. Repeated frontal budding 
results in multilaminar colonies, in which most of 
the zooids are erect or sub-erect and closely pack- 
ed with each other (Fig. 1B), in which case the 
venter of one zooid lies under the dorsum of 
another zooid. The frontal (ventral) wall of each 
zooid is, therefore, completely concealed between 
zooids and only the distal walls of zooids are visible 
from the colony surface, and so the frontal surface 
of a colony coincides with the distal surfaces of 
zooids. By contrast, in the zooids of unilaminar 
species, the frontal surface of zooids coincides with 
the frontal surface of the colony. Since the mor- 
phological terms utilized for bryozoans were cre- 
ated for unilaminar colonies, their application is 
necessarily restricted to such bryozoans. There- 
fore such directional terms as distal, proximal, 
dorsal, frontal, etc. should be used for celleporids 
more precisely. Our redefinition of these terms for 
celleporids (Fig. 1) is utilized in the following 
results in this paper. 

In the measurements prior to the description of 
each species, the following abbreviations are used. 
L: length; W: width; L/W: length/width ratio; D: 
depth; N: number; S.D.: standard deviation; NZ: 
number of zooids; NC: number of colonies. 


RESULTS 
Genus Celleporina Gray, 1848, char. emend. 


Colony multilaminar, massive, encrusting or 
erect from an encrusting base. Zooids at various 
stages of development often scattered over the 
surface of mature colonies, closely packed without 
clear delimitation, so that only the distal-most part 
of each zooid is visible at the colony surface. 
Zooids of two kinds, depending on whether bud- 
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ded distally or frontally (ventrally): Distally bud- 
ded zooids recumbent at colony edge; frontally 
budded ones erect in colony center or sub-erect in 
the periphery. Zooids subtubular, with a distal 
zooecial wall almost perpendicular to the frontal 
wall. The distal wall porous early but later con- 
cealed under such accessories as avicularia, peris- 
tome, or ovicell. Primary orifice with a ventral 
sinus at the center of the distal wall. Oral spines 
absent, at least in frontally budded zooids in 
mature colonies. Adventitious avicularia and 
peristome often incorporated into peristomial 
complex, which encloses secondary orifice. Ovicell 
hyperstomial, spherical, with a perforated frontal 
(tabula), not closed by the zooidal operculum. 
Vicarious avicularia often present. 


Celleporina porosissima HARMER 1957 
(Fig. 2A-L) 


Celleporina porosissima HaRMER, 1957, p. 906-907, pl. 
62, figs. 3, 16-17 [7]; Voicr and Cook, 1983, p. 53-55, 
pl. 1-3 [29]. 


Material examined. 18 (ZIHU-969-1~18) mature col- 
onies; on the leaves of Laminaria religiosa (MIYABE), 
from about 0.5 m depth on the reef-flat along the western 
shore of Oshoro-Bay, Otaru, Hokkaido (43°12.4'N, 140 
x51.7E), by H. Ikezawa, 28 Aug.1990, 10 Aug.1990. 
Eight (ZIHU-970-1~8) ancestrulae and 71 (ZIHU-971-1 
~71) minute immature colonies; 4 Jul.1990, 16 Jul.1990, 
10 Aug.1990, 28 Aug.1990, 11 Jul.1991, 30 Jul.1991, 
remaining data as above. 


Measurements. (ZIHU-969-1 except for tentacle num- 
ber. In mm except for L/W and N.) 


Mean Range S.D. NZ 
(NC) 
Non-brooding zooids 
Primary orifice L 0.16 0.15-0.19 0.013 10 
(with sinus) W 0.14 0.12-0.19 0.024 10 
Sinus D _ 0.03 0.02-0.03 0.003 10 
Pores around N 36.2 28-54 8.039 10 
orifice 
Brooding zooids 
Secondary L 0.23 0.20-0.24 0.015 10 
orifice 
W 0.18 0.15-0.22 0.020 10 
Ovicell L 0.25 0.22-0.28 0.021 10 
W 0.29 0.24-0.33 0.024 10 


1032 H. IKEZAWA AND S. F. MAwarTari 


Fic. 2. Celleporina porosissima (ZIHU-969-1 for A-E, J; ZIHU-970 for F; ZIHU-971 for G-I; ZIHU-969 for K, L) 
A: Frontally budded zooids at the central portion of a colony. B: Two types of non-brooding zooids and zooid 
buds. C: A young zooid with a porous circum-orificial area. D: A brooding zooid with a complete ovicell and 
adventitious avicularia. E: Two types of vicarious avicularia. F: An ancestrula. G: An ancestrula with a daughter 
zooid. H: An ancestrula with three peri-ancestrular zooids. I: An ancestrula with seven peri-ancestrular zooids. 
J: Distally budded zooids at colony edge. K: Two opercula. L: Mandibles of adventitious and vicarious 
avicularia. Scale bars=100 um. 
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Tabula L 0.18 0.17-0.21 0.014 10 
W 0.24 0.20-0.27 0.024 10 
Pores on tabula N_ 15.4 13-18 GALS 10) 

Adventitious avicularia 
Palate L 0.05 0.03-0.07 0.011 10 
W 0.07 0.04-0.13 0.025 10 
L/W 0.70 0.39-0.90 0.145 10 

Vicarious avicularia 

Palate L 0.21 0.18-0.29 0.035 10 
W 0.15 0.13-0.18 0.016 10 
L/W 1.39 1.14-1.95 0.246 10 
Tentacle N 14.0 12-15 0.605 472 
(23) 


Description. Skeletal characters (ZJHU-969-1): 
Colony encrusting, nearly discoidal, domed, 1.2 x 
1.3X0.15 cm, orange-colored in life. Colony sur- 
face undulated with a lot of low hill-like protru- 
sions, which may be chimneys for exhalation of 
feeding-water currents. 

Non-brooding zooids from frontal budding (Fig. 
2A, B) ornamented with a peristome and adventi- 
tious avicularia on the distal wall. The avicularia 
columnar, paired, rarely single (Fig. 2B) or ab- 
sent. The avicularian columns curved a little, set 
straight-lateral to the orifice. Both avicularia 
directed disto-laterally outward; their fronts so 
slanted that they face disto-centrally, just opposite 
each other across the orifice. The chamber with a 
small semicircular terminal palate and a complete 
pivot bar. Peristome thick and high, forming a 
tubular peristomial complex in which the paired 
avicularian columns are incorporated. Primary 
orifice ovoid, a little longer than wide, with a 
distinct rounded-V-shaped sinus; situated deeply 
at the bottom of the peristomial complex, scarcely 
visible from the colony surface. Secondary orifice 
enclosed by the peristomial complex, somewhat 
elliptical, a little wider than long, bilaterally notch- 
ed by the avicularia. 

Non-brooding zooids from distal budding at the 
colony edge (Fig. 2J) are very similar to those of 
the frontally budded ones except for some features 
of the adventitious avicularia. Adventitious avicu- 
laria always paired, rarely fused with each other at 
the sub-terminal ends of the columns to form a 
bridge and spiramen over the primary orifice. 
There are no zooids with only a single adventitious 
avicularium or which lack such avicularia. 
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Among the zooids at various stages of maturity 
over the colony surface, young zooids with a 
porous distal wall are conspicuous and numerous. 
Young zooids from frontal budding (Fig. 2A, C) 
with a developed distal wall, of which the part 
dorsal to the orifice is broad, bearing multiple 
series of pores, while the ventral side is narrow, 
with a single row of pores. Adventitious avicularia 
not developed, otherwise low developing bases of 
the avicularian columns appear bilaterally to the 
orifice. Peristome absent. 
non-brooding zooids. 

Young zooids from distal budding at the colony 
edge (Fig. 2J) have the same features as those 
from frontal budding except the distal wall is 
reduced, having a single row of pores all around 
the orifice. 

Brooding zooids (Fig. 2A, D) with an ovicell, 
paired adventitious avicularia and a peristome, 
collectively concealing the distal wall. Ovicell 
globose, covered by smooth ectooecium except for 
the tabula. Tabula large, occupying almost all the 
ovicell front, variable in shape from nearly semi- 
circular to crescentic, bordered with radially 
arranged slit- or drop-shaped pores. Adventitious 
avicularia somewhat stouter than, but of the same 
shape as, in non-brooding zooids. Peristome high, 
raised ventrally to the orifice. Secondary orifice 
nearly rectangular or square in shape, delimited 
dorsally by the straight proximal edge of the 
ovicell, ventrally by the peristome, laterally by the 
avicularia. Primary orifice not visible, concealed 
deeply under the level of the secondary orifice. 

Vicarious avicularia (Fig. 2A, E) scattered fre- 
quently over the colony surface, numerous in the 
center. Palates of two forms: semicircular and 
large spatulate ones, the latter less frequent. Both 
types of vicarious avicularia have a complete pivot 
bar near the proximal end, sometimes with an 
extensive palatal shelf and a high rostral rim. 

Zooid buds (Fig. 2B, J) occur very frequently 
among the zooids, more numerous in the colony 
periphery. Spinous processes developed from the 
inner walls into the coelom of the zooid buds. 


Primary orifice as in 


Cuticular characters (ZIHU-969-8 ~ 18): Oper- 
culum (Fig: 2K) variable in size and shape, with 
two muscular dots and the poster slightly broader 
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than the sinus which pertains to it. 

Mandibles of adventitious avicularia variable in 
shape, but nearly semicircular, bilaterally symmet- 
rical (Fig. 2L). 

Mandibles of vicarious avicularia greatly varying 
in size and shape and of two types: semicircular 
and long, large ones, sometimes expanding slightly 
distally, but almost bilaterally symmetrical (Fig. 
2L). 


Ancestrulae and astogeny (ZIHU-970, ZIHU- 
971): Ancestrulae (Fig. 2F-I) schizoporelloid, 
elongate, slender toward the proximal tip, with a 
broad budding zone around the distal half from 
which the first daughter zooid budded (Fig. 2G). 
Several spines and paired avicularian columns in- 
corporated into a tubular peristomial complex. 
The columns of paired avicularia stand ventro- 
laterally to the orifice, and fused with each other at 
the sub-terminal ends to form a round arch and a 
large spiramen. 

Peri-ancestrular zooids (Fig. 2G-I) almost the 
same as the ancestrulae in shape, but sometimes 
lack the peristomial spines and occasionally pos- 
sess a low umbo on the frontal shield. A few 
marginal areolae present, from which frontal bud- 
ding occurs. 


Substratum. This species occurs most abundant- 
ly on Laminaria religiosa, but also on various other 
kinds of substrata from Sargassum spp. and Rho- 
doglossum spp. to molluscan shells in Oshoro Bay. 
The colonies vary in form depending on the sub- 
stratum. Domed colonies develop on the flat 
surface of Laminaria fronds or others, while nodu- 
lar colonies grow around the stem of Sargassum 


spp. 


Remarks. Celleporina porosissima was original- 
ly described by Harmer in 1957 on the basis of 
material from Japan [7]. The present specimens 
correspond well with the original description in the 
following features: 1) dorsally well-developed 
(multi-porous) distal wall in young zooids from 
frontal budding (see discussion); 2) primary orifice 
with long, narrow, distinct sinus; 3) semicircular to 
crescentic tabula; 4) occasional presence of large 
vicarious avicularia. Voigt and Cook [29] ex- 
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amined a paratype and other colonies of C. poro- 
sissima from Japan in detail and redescribed it with 
emphasis on the presence of spinous processes 
within the coelom of zooid buds budded frontally 
as a new discriminating characteristic. The present 
specimens also have such spinous processes. The 
presence of this feature, however, does not discri- 
minate C. porosissima from congeners any longer, 
since it has been reported in Pseudocelleporina 
triplex [19] and is found in the new Celleporina 
species described later in this paper. The present 
specimens agree with the redescription also in 
many other points, but differ in the size-ranges of 
the following characters (the present materials vs. 
Voigt and Cook’s): 1) primary orifice (Length 
0.15-0.19 vs. 0.15-0.17, Width 0.12-0.19 vs. 
0.11-0.13); 2) vicarious avicularia (Length 0.18- 
0.29 vs. 0.20-0.25, Width 0.13-0.18 vs. 0.18- 
0.20). There are no gaps between the size-ranges 
of the two reports. This does not exclude that the 
present material belongs to C. porosissima. 

The ancestrula and peri-ancestrular zooids of 
the present species are described for the first time. 
There are two peristomial characters, namely a 
spiramen and spines, which differ between the 
mature and peri-ancestrular zooids. The spiramen 
is present in the ancestrula and peri-ancestrular 
zooids and, though rare, in non-brooding zooids 
from distal budding, but completely absent in 
frontally budded zooids of mature colonies. The 
spines are present only in the ancestrula and some 
of the peri-ancestrular zooids. Astogenetic 
changes will be discussed later in relation to phy- 
logeny. 


Celleporina umbonata sp. nov. 
(Fig. 3A-L) 


Material examined. HOLOTYPE (ZIHU-972-1H): a 
mature colony; on a leaf of Rhodoglossum japonicum 
(Mika), from the intertidal reef-flat along the shore of 
Denshin-Hama, Muroran, Hokkaido (42°18.6'N, 
140°58.3’E), by H. Ikezawa, 13 Jul.1991. PARATYPES 
(ZIHU-973-P-1~19): 19 mature colonies, 15 May 1991, 
29 May 1991, 15 Jun.1991, 13 Jul.1991, remaining data as 
for HOLOTYPE. Other materials: 32 (ZIHU-974-1~ 
32) ancestrulae and 18 (ZIHU-975-1~18) minute imma- 
ture colonies, 15 Jun.1991, 13 Jul.1991, remaining data 
as for HOLOTYPE. 
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Fic. 3. Celleporina umbonata sp. nov. (ZIHU-972-1H for A-E, J; ZIHU-974 for F; ZIHU-975 for G-I; ZIHU-973 
for K,L) A: Frontally budded zooids at the peripheral portion of a colony. B: Two non-brooding zooids among 
some brooding zooids. C: A young zooid with an orifice and pores on distal wall. D: A brooding zooid with a 
complete ovicell and adventitious avicularia. E: Vicarious avicularia among zooids. F: An ancestrula. G: An 
ancestrula with two first daughter zooids. H: An ancestrula with four peri-ancestrular zooids. I: An ancestrula 
with nine peri-ancestrular zooids. J: Distally budded zooids at colony edge. K: Two opercula. L: Mandibles of 
adventitious and vicarious avicularia. Scale bars=100 um. 
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Etymology. The specific epithet umbonata is made of a 
Latin adjective “umbonatus”. 


Measurements. (ZIHU-972-1H except for tentacle 
number. In mm except for L/W and N. Adventitious 
avicularia are here excluded, since it is impossible to 
measure their frontals which face closely each other and 
stand at right angles to the colony surface.) 


Mean Range S.D. NZ 
(NC) 
Non-brooding zooids 
Primary orifice L 0.15 0.14-0.18 0.018 5 
(with sinus) W 0.13 0.11-0.14 0.012 5 
Sinus D_ 0.04 0.04-0.05 0.007 5 
Pores around N 13.6 11-16 1.817 5 
orifice 
Brooding zooids 
Secondary orifice L 0.19 0.17-0.22 0.021 5 
W 0.15 0.15-0.16 0.007 5 
Ovicell L 0.21 0.18-0.25 0.021 10 
W 0.26 0.24-0.30 0.017 10 
Tabula L 0.17 0.15-0.19 0.014 10 
W~ 0.20 0.17-0.24 0.026 10 
Pores on tabula N 15.6 13-18 1.430 10 
Vicarious avicularia 
Palate L 0.08 0.04-0.11 0.021 10 
W 0.08 0.06-0.11 0.018 10 
L/W 1.10 0.75-1.30 0.154 10 
Tentacles N 11.4 10-13 0.663 411 
(22) 
Description. Skeletal characters (ZIHU-972-1H): 


Colony encrusting, elliptical, 0.5x0.7<0.1 cm, colored 
light orange in life. 

Non-brooding zooids from frontal budding (Fig. 3A, 
B) have a large umbo developed from the frontal wall 
and a peristomial complex made by adventitious avicu- 
laria and a peristome on the distal wall. The adventi- 
tious avicularia paired, small, directed distally; 
each situated at the subterminal end of its column. 
The avicularian columns long, stout with a blunt 
tip curved a little inward; somewhat ventro-lateral 
to the orifice. The avicularian frontals perpendicu- 
lar to the orifice, somewhat facing each other 
across the zooecial axis over the orifice, scarcely 
visible from the colony surface. The chamber with 
a small semicircular terminal palate and a com- 
plete pivot bar. Peristome thin, cylindrical; its 


frontal part developed in between the avicularian 
columns, low, with a concave distal margin. The 


H. IkKEZAWA AND S. F. MAWATARI 


concave distal margin of the peristome and the 
central-lateral margin of the parallel avicularian 
columns smoothly linked together to outline a 
U-shaped sinus distinct in frontal view. Frontal 
umbo well developed in the distal direction, long, 
thick, stout, with a triangular distal tip which 
frequently covers the peristomial complex frontal- 
ly. Some space or pores present between the umbo 
and the peristome front. Primary orifice somewhat 
ovoid; situated deeply at the bottom of the peristo- 
mial complex, scarcely visible from the colony 
surface. Secondary orifice enclosed by the peristo- 
mial complex, round in shape with bilateral notch- 
es of the avicularian columns. 

Non-brooding zooids from distal budding (Fig. 
3J) almost the same shape as those from frontal 
budding except for the shape of the orifice and the 
position of the avicularian columns relative to the 
orifice: The orifice more rounded; the paired avi- 
cularian columns set not laterally but ventro- 
laterally around the orifice, being closer laterally 
with each other, so that the avicularian frontals do 
not face each other. 

Young zooids from frontal budding (Fig. 3A, C) 
with distal-wall pores, conspicuous and numerous, 
having the same morphology as those from distal 
budding. The distal wall narrow, with a single row 
of large pores surrounding the orifice, leaving a 
small non-porous area frontally to the sinus. Ad- 
ventitious avicularia not developed, otherwise low 
developing bases of the avicularian columns 
appear bilaterally to the orifice. Peristome absent. 
A small umbo sometimes present. Primary orifice 
ovoid, a little longer than wide, with a large, 
semicircular sinus. A small distinct cardelle occurs 
at each blunt-corner of the sinus. 

Brooding zooids (Fig. 3A, B, D, E, J) have a 
complete ovicell, paired adventitious avicularia, 
and a peristome, all of which are incorporated into 
a peristomial complex concealing the distal zooe- 
cial wall completely. Ovicell globose, covered by 
smooth ectooecium except frontally. Tabula large, 
occupying most of the ovicell frontal, variable in 
shape from nearly semicircular to triangular with 
blunt corners, bordered with radially arranged slit- 
or drop-shaped pores. The tabula sometimes 
reduced in size as the edge is covered under an 
eave-like ectooecium made by secondary calcifica- 
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tion. Adventitious avicularia like those of the 
non-brooding zooids from frontal budding. Fron- 
tal umbo often present; only its triangular tip 
visible. Peristome raised between the avicularian 
columns, frontally to the orifice. Peristomial com- 
plex with a distal U-shaped sinus. Secondary 
orifice somewhat like a depressed gourd in shape: 
delimited dorsally by the proximal edge of the 
ovicell, laterally by the paired avicularian columns, 
and frontally by the peristome. Primary orifice not 
visible, concealed deeply under the level of the 
secondary orifice. 

Vicarious avicularia (Fig. 3E) of one morpholo- 
gy, scattered quite frequently over the colony 
surface, numerous in the central area. Palates 
somewhat semicircular with a complete pivot bar 
near the proximal end. 

Zooid buds (Fig. 3A, J) occur frequently among 
the zooids. Spinous processes not detected. 

Zooids in various stages of maturity are seen 
over the colony surface. A complete sequence of 
ovicell formation can be traced (Fig. 3A, J). 


Cuticular characters (ZIHU-973-P-9~19): 
Operculum (Fig. 3K) with two muscular dots; vari- 
able in size and shape, but similar to the orifice in 
shape. 

Mandibles of adventitious and vicarious avicu- 
laria variable in size, but constant in shape as 
almost short-spatulate with parallel sides (Fig. 
3L). 


Ancestrulae and astogeny (ZIHU-974, ZIHU- 
975): Ancestrulae (Fig. 3F-I) schizoporelloid, 
stumpy, rounded proximally, with a pair of disto- 
lateral expansions from which a pair of first daugh- 
ter zooids bud. Other ancestrular features are as 
for non-brooding zooids from distal budding, but 
having the avicularian columns standing almost 
frontal to the orifice. Frontal umbo sometimes 
developed a little by secondary calcification. Oral 
spines not detected. 

Peri-ancestrular zooids (Fig. 3G-I) almost the 
same in structure as the non-brooding zooids from 
distal budding in mature colonies, but the avicula- 
rian columns stand more frontally as in the ances- 
trula, and the umbo on the frontal wall does not 
develop to reach to the distal margin of peristome, 
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never covering the frontal surface of the peris- 
tome. No oral spines. 


Substratum. At Muroran, this new species is 
found on both Chondrus yendoi and Rhodoglos- 
sum japonicum as discoidal or nodular colonies. 


Remarks. Characteristic features of Celleporina 
umbonata sp. nov. include subterminal avicular- 
ium on its column and each avicularian frontal at a 
right angle to orifice. These have been so far 
reported in Celleporina fragilis Aristegui [1]. The 
present new species differs from C. fragilis in 
having the following features (those of C. fragilis 
in parenthesis): 1) a single frontal umbo (one or 
two); 2) rugose frontal wall (smooth or granular); 
3) many semicircular vicarious avicularia (a few, 
spatulate); 4) schizoporelloid ancestrulae with no 
oral spines (tatiform ancestrulae with 5 oral 
spines). The presence of a frontal umbo has been 
already recorded in C. costazii and C. costazii var. 
tubulosa by Hincks [16]. Celleporina umbonata sp. 
nov. is, therefore, unique in having three such 
characteristics in combination as, a single frontal 
umbo, a subterminal avicularium on its column, 
and the avicularian frontal at a right angle to the 
orifice. 


Celleporina fusiforma sp. nov. 
(Fig. 4A-L) 


Material examined. HOLOTYPE (ZIHU-976-1H): a 
mature colony; on a narrow stem of Bossiella cretacea 
(JOHANSEN), from the intertidal reef-flat along the shore 
of Denshin-Hama, Muroran, Hokkaido (42°18.6'N, 
140°58.3’E), by H. Ikezawa, 13 Jul.1991. PARATYPES 
(ZIHU-977-P-1~22): 22 mature colonies, 15 May 1991, 
29 May 1991, 13 Jul.1991, remaining data as for 
HOLOTYPE. Other materials: 61 (ZIHU-978-1~61) 
ancestrulae and 84 (ZIJHU-979-1~84) minute immature 
colonies, 15 May 1991, 29 May 1991, 15 Jun.1991, 13 
Jul.1991, remaining data as for HOLOTYPE. 


Etymology. The specific epithet fusiforma is latinized 
combination of the English terms “fused” and “form”. 


Measurements. (ZIHU-976-1H except for tentacle 
number. In mm except for L/W and N.) 

Mean Range S.D. NZ 

(NC) 
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Fic. 4. Celleporina fusiforma sp. nov. (ZIHU-976-1H for A-E, I; ZIHU-978 for F; ZIHU-979 for G-H; ZIHU-977 
for J-L) A: Frontally budded zooids at the central portion of a colony. B: Two non-brooding zooids and zooid 
buds C: A young zooid with porous circum-orificial area. D: A brooding zooid with a complete ovicell and 
adventitious avicularia. E: Vicarious avicularia among zooids. F: An ancestrula. G: An ancestrula with two first 
daughter zooids. H: An ancestrula with six peri-ancestrular zooids. I: Interior spinous processes in a zooid bud. 
J: Two opercula and a mandible of adventitious avicularia. K: Mandibles of adventitious and vicarious avicularia. 
L: Mandibles of two vicarious avicularia. Scale bars=100 um. 
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Non-brooding zooids 


Primary orifice L 0.12 0.11-0.13 0.008 6 
(with sinus) W 0.11 0.10-0.13 0.008 6 
Sinus D_ 0.03 0.01-0.04 0.009 6 
Pores around N 18.2 15-24 3.189 6 
orifice 
Brooding zooids 
Secondary orifice L 0.12 0.10-0.13 0.009 6 
W 0.16 0.15-0.18 0.014 6 
Ovicell L 0.21 0.18-0.27 0.023 9 
W 0.28 0.24-0.32 0.021 9 
Tabula L 0.17 0.14-0.20 0.017 9 
W 0.23 0.15-0.26 0.032 9 
Pores ontabula N 15.3 13-18 1.890 7 
Adventitious avicularia 
Palate L 0.04 0.04-0.05 0.006 
W 0.07 0.05-0.08 0.010 6 
L/W 0.63 0.55-0.78 0.093 6 
Vicarious avicularia 
Palate L 0.13 0.07-0.18 0.038 10 
W 0.12 0.07-0.15 0.028 10 
L/W 1.13 0.83-1.56 0.249 10 
Tentacles ING 220 9-15 0.868 472 
(24) 
Description. Skeletal characters (ZIHU-976- 


1H): Colony encrusting, pisiform, surrounding a 
slender stem of Bossiella cretacea, 0.50.7 cm, 
orange-colored in life. Because of the pisiform 
colony, distally budded zooids are not detected. 

Non-brooding zooids from frontal budding (Fig. 
4B) rarely present, with a peristome and adventi- 
tious avicularia on the distal wall. Adventitious 
avicularia paired, columnar. The avicularian col- 
umns set ventro-lateral to the orifice; short, stout, 
curving inward, fusing with each other at the 
sub-terminal ends to form a round arch and a large 
spiramen over the orifice. The avicularia large, 
directed obliquely distally outward; their fronts 
inclined toward each other over the spiramen. The 
chamber large, with a broad semicircular terminal 
palate and a complete pivot bar. Peristome thick 
and high, forming a tubular peristomial complex 
into which the pair of avicularian columns and 
spiramen are incorporated. Primary orifice situ- 
ated deeply at the bottom of the peristomial com- 
plex. Secondary orifice enclosed by the peristo- 
mial complex, irregular in shape. 

Young zooids from frontal budding (Fig. 4A, C) 
with a developed distal wall, of which the part 


dorsal to the orifice is somewhat broad, bearing a 
few rows of pores, while the ventral side is narrow, 
with a single series of pores or without any. 
Adventitious avicularia not developed, otherwise 
low developing bases of the avicularian columns 
appear bilaterally to the orifice. Peristome absent. 
Primary orifice small, circular, with a distinct, 
sharp V-shaped sinus. A small cardelle occurs at 
each blunt-corner of the sinus. 

Brooding zooids (Fig. 4A, D, E) have an ovicell 
and paired adventitious avicularia, under both of 
which the distal wall is completely concealed. 
Ovicell globose, covered by a thick ectooecium 
except for the tabular area. Tabula small; its shape 
variable from crescentic to a somewhat thin menis- 
cus with an irregular outline, delimited distally by 
the overgrowth of the distal ectooecium and pro- 
ximally by a raised lip; bordered with radially 
arranged pores somewhat drop- or elliptically 
shaped. Adventitious avicularia the same in shape 
as in non-brooding zooids. Peristome low, narrow, 
just raised between the avicularian columns ven- 
trally to the orifice, delimiting the proximal edge of 
a spiramen. Secondary orifice nearly fan-shaped, 
delimited dorsally by the curved proximal edge of 
the ovicell, ventro-laterally by the paired avicular- 
ia. Primary orifice not visible, concealed deeply 
under the level of the secondary orifice. 

Vicarious avicularia (Fig. 4E) scattered fre- 
quently over the colony surface. Palates somewhat 
semicircular, often expanded slightly distally, with 
a complete pivot bar near the proximal end, some- 
times with a palatal shelf and a high rostral rim. 

Zooid buds (Fig. 4B, I) occur very frequently 
among the zooids. Spinous processes are conspi- 
cuously developed from the inner wall into the 
coelom of zooid buds. 

Zooids at various stages of maturity are scat- 
tered over the colony (Fig. 4A-E). 


Cuticular characters (ZYHU-977-P-10~22): 
Operculum (Fig. 4J) variable in size, but nearly 
equal to the orifice in shape, with a sharp V-shaped 
extension and two muscular dots. 

Mandibles of adventitious avicularia (Fig. 4J, K) 
slightly variable in shape, but nearly semicircular. 

Mandibles of vicarious avicularia (Fig. 4K, L) 
variable in size, but almost semicircular in shape. 
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Ancestrulae and astogeny (ZIHU-978, ZIHU- 
979): Ancestrulae (Fig. 4F-H) schizoporelloid, 
stumpy, rounded proximally, with a pair of small 
expansions disto-laterally from which the first pair 
of daughter zooids is budded. A few small spines 
and paired avicularian columns present, incorpo- 
rated into a peristomial complex. Avicularian 
columns short, set almost frontally to the orifice, 
fused with each other at the sub-terminal ends to 
form a round arch and a small spiramen. The sinus 
of the primary orifice a rounded-V shape. 

Peri-ancestrular zooids (Fig. 4G, H) tubular, 
elongated, parallel sided. Paired avicularian col- 
umns stouter and longer than those of ancestrulae. 
Spiramen larger than that of the ancestrula. No 
frontal spines. A few marginal areolae present. 
The other zooidal features correspond with those 
of the ancestrula. 


Substratum. This species is frequently collected 
from the fronds of Bossiella cretacea and occa- 


TABLE 1. 
fusiforma n. sp. 


C. porosissima 
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sionally Rhodoglossum japonicum, Chondrus pin- 
nulatus, and Gymnogongrus flabelliformis. 


Remarks. Non-brooding zooids from distal bud- 
ding are excluded from the above description, 
since they could not be detected from the pisiform 
colony which surrounded the slender stem of Bos- 
siella cretacea. In the present new species, the 
spiramen made by the union of the paired columns 
of adventitious avicularia is present even in fron- 
tally budded zooids of mature colonies. This has 
been so far reported only in Celleporina geminata 
in the genus Celleporina. Celleporina geminata 
was described originally by Ortmann [26] and 
periodically redescribed by some other authors, of 
which Harmer [7] is the most reliable. The present 
specimens differ from C. geminata sensu Harmer 
in the following respects (Harmer’s description in 
parenthesis): 1) colony pisiform (erect, bifurcat- 
ing); 2) primary orifice small, circular (long, with 
nearly parallel sides); 3) tabula with entire 


Differential characteristics between Celleporina porosissima, C. umbonata n. sp., and C. 


C. umbonata C. fusiforma 


Zooid characters 


A P D F P D F A P F 
Two daughter buds — 
from an ancestrula 
Adventitious avicularia 
Paired + + + +/—- + + + + + + + 
Direction Obliquely outward Distally Obliquely outward 
Face Disto-centrally Centrally Disto-centrally 
Position of columns Ventro-lateral Lateral Almost frontal Somewhat Almost frontal ventro- 
Ventro-lateral ateral 
Shape of orifice Ovoid Circular Ovoid Circular 
Shape of sinus in orifice Shapes between Broad-U-shape 
U and V Shapes between V- 
and V___ shape 
Spines oF i= = = — — = = + +/= = 
Spiramen AF aF +/— — = — — = + ar ar 
U-sinus of peristome ar +r or =F = = = 
Pores on distal wall — + + + = ae a a = JL a 
of young zooids 
Dorsal pores on distal wall — = = + = = = = = = aL 
of young zooids 
Spinous processes in + + a + = = — = at + + 


zooid buds 


A: ancestrulae; P: peri-ancestrular zooids ; D: distally budded zooids; F: frontally budded zooids; +: present; —: 
absent; +/-—: present or absent. 
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peripheral pores (with a single distal series of 
pores); 4) vicarious avicularia somewhat semi- 
circular (enlarged, spatulate). 


DISCUSSION 


Distinction of developmental stages of zooids and 
reconsideration of zooidal characters 


Taxonomic characteristics, including those of 
early astogenetic stages, are compared for the 
three species in Table 1. Each species has been 
described here according to precisely defined de- 
velopmental stages of zooids, namely brooding, 
non-brooding, and young zooids. The distinction 
between the non-brooding and young zooids was 
not necessarily clear in Celleporina. For example, 
in C. porosissima, Harmer described and figured 
the zooids with neither avicularia nor a peristome 
but with pores around the primary orifice [7, Pl. 
LXII, Fig. 3]. Zooids of that type are so numerous 
and conspicuous in the outer-most layer of multi- 
laminar colonies that they have probably been 
considered as typical zooids of Celleporina. Har- 
mer’s style of description had predecessors [22, 24, 
etc.], and he was followed in this by other authors 
[29]. These descriptions are, however, neither of 
typical nor complete zooids but of young zooids in 
the sense of Osburn (1952), who described C. 
robertsoniae, C. costazii, and C. nordenskjoldi 
with illustrations of young zooids [27, Pl. 62, Figs. 
2, 3, Pl. 63, Fig. 5]. Mature non-brooding zooids 
of Celleporina have fully developed avicularia and 
a peristome, which together conceal the circum- 
orificial pores of the distal wall of young zooids. 
Since such pores are arranged in different ways 
among the present species, even young zooids 
lacking adult features may contribute to Cellepor- 
ina taxonomy. Young zooids are also to be prefer- 
ted for descriptions of the primary orifice, since 
mature non-brooding or brooding zooids have a 
well-developed peristomial complex which con- 
ceals the primary orifice. 

As another way of more precisely describing 
zooids of Celleporina, we have treated frontally 
and distally budded zooids separately, since some 
discrepancies in morphology occurred between 
these zooids even in mature colonies, particularly 
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for C. porosissima in which spiramina are not 
detected in frontally but in distally budded zooids. 
We recommend that future descriptions of other 
Celleporina species follow this format. This is 
supported by the finding of some characteristics, 
traditionally overlooked in Celleporina taxonomy, 
which usefully discriminate between the present 
three species. For example, these species may be 
distinguished on the basis of the arrangement of 
the adventitious avicularia, i.e., where do the 
columns occur around the orifice?; in which direc- 
tion is the mandible directed? 

Cuticular characters, properly introduced into 
the present descriptions, have likewise been shown 
to be useful for discriminating species. For exam- 
ple, species-specificity in orifice shape was rein- 
forced by clear differences in the shapes of cuticu- 
lar opercula. 

Voigt and Cook considered the presence of 
interior spinous processes as specific to C. porosis- 
sima [29]. Later, Mawatari detected similar ones 
in the zooids of Pseudocelleporina triplex [19]. His 
findings are endorsed by the present study which 
found similar processes again in C. porosissima 
and newly in C. fusiforma. Consequently, the 
occurrence of spinous processes is no longer a 
specific characteristic of C. porosissima. 

Some characters traditional for Celleporina tax- 
onomy proved to be useful again in the present 
study. Those are 1) presence of spiramen, 2) shape 
of tabula, 3) number and arrangement of pores on 
tabula, 4) size and shape of orifice, 5) shape of the 
sinus of orifice, 6)) number and arrangement of 
pores on the distal wall of young zooids, 7) details 
of avicularian columns, 8) development of umbo, 
and so on. 


Ancestrulae for cladistic analysis 


Taxonomic characters of ancestrulae used in the 
present study are 1) shape, 2) accessories on distal 
wall, 3) position and number of buds, and 4) 
budding angle of first daughter zooids. Ancestru- 
lae have so far been reported in eight species of 
Celleporina: C. hassallii [4, 15, 17], C. bicostata 
[11], C. pinnacula [11], C. asymmetrica [21], C. 
conescharellinoides [6], C. fragilis [1], C. labiata 
[1], and C. lucida [1]. These species have the 
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modified type of tatiform ancestrulae with a sub- 
terminal opesium surrounded by spines, except for 
C. conescharellinoides which lacks spines [6]. The 
present three Celleporina species have ancestrulae 
of the schizoporelloid type with almost the same 
features as those of the asexually budded auto- 
zooids. In Celleporina, species with a schizo- 
porelloid ancestrula are regarded as derived, since 
it is quite probable that such species evolved from 
a species with a tatiform ancestrula. 

Among the present three species, C. porosissi- 
ma has a distinct type of ancestrula which is 
elongated and slender, with a distal orifice sur- 
rounded by spines and a broad budding zone 
around the distal half from which the first zooid is 
budded. On the other hand, two new species have 
a common type of ancestrula which is stumpy and 
with a pair of disto-lateral buds from which the first 
pair of daughter zooids bud off simultaneously. 
The differentiation of distinct disto-lateral buds is 
common only to the two new species, not having 
been reported previously in the Celleporidae or 
even in the Cheilostomata. Therefore, following 
an outgroup comparison by cladistic analysis, it is 
determined that the presence of disto-lateral buds 
is apomorphic. Consequently, the two new species 
comprise a sister group defined by a synapomor- 
phy, and so they are more closely related to each 
other than to C. porosissima among the three. 


Systematic implication of early astogeny 


Although relatively few systematic studies have 
utilized early astogenetic features, recent Japanese 
research has taken small but steady steps in this 
direction on Pseudocelleporina and Microporella 
[19, 20], followed by the present study on Cellepor- 
ina. Supplementary description of small colonies 
in the three Celleporina species has led to the 
discoveries of 1) taxonomic characters, 2) charac- 
ters changeable in astogeny, and 3) early astogene- 
tic characters in distally budding zooids of mature 
colonies. 

The present three species are also distinguished 
with regard to their later astogeny. Celleporina 
porosissima develops round colonies in which 
zooids are arranged concentrically with the ances- 
trula at the center, while the other two species 
make fan-shape colonies having the ancestrula as 
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the pivot of the fan. There is a difference in 
budding angle in the latter two species: larger in C. 
umbonata than in C. fusiforma. 

Among changeable astogenetic characters of C. 
porosissima, spiramina conspicuously characterize 
zooids in early astogeny. They also develop in 
distally budded zooids, though not often, but 
never in frontally budded zooids in mature col- 
onies. This indicates that small colonies are dif- 
ficult to identify (even though mature colonies 
have been fully described). It is also suggested that 
the characteristics developed in distally budded 
(but not frontally budded) zooids in mature col- 
onies may be early-astogenetic and primitive. 

As stated above, the present study has suggested 
that early astogenetic data are useful both for the 
discrimination of Celleporina species and for the 
estimation of their phylogeny. The description of 
species should, therefore, be supplemented with 
the features of small colonies. If it 1s impossible to 
do so, species should be described with emphasis 
on the contrasting features of distally and frontally 
budded zooids. Future comparative investigations 
on early astogeny of the present three species will 
make their phylogenetic relationship clearer. 
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Taxonomy and Geographic Variation of Pyura microcosmus 
(Savigny) from Lusitanian Waters and the Red Sea 
(Urochordata, Ascidiacea) 
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ABSTRACT— Pyura microcosmus (Savigny, 1816), so far recorded from Lusitanian waters, is shown to 
have from 1 to 3 gonads on the right side and to be a senior synonym of P. pantex (Savigny, 1816) from 
the Red Sea. On the basis of differences in the percentage of individuals with 1 right gonad and the 
number of gonadal capsules on each side, we suggest possible geographic differentiation of this species 
into two local populations (Atlantic/deep Mediterranean and Red Sea/shallow Mediterranean). The 
present distribution pattern of the latter population is discussed biogeographically in terms of migration 


and disjunction models. 


INTRODUCTION 


Pyura microcosmus (Savigny, 1816) has hitherto 
been recorded from the so-called Lusitanian wa- 
ters (i.e., from the Atlantic coasts northerly from 
the English Channel southerly to Cape Verde, and 
from the Mediterranean waters; see [3]). This 
species has been distinguished from its 3 European 
congeners, P. dura (Heller, 1877), P. squamulosa 
(Alder, 1863) and P. tessellata (Forbes, 1848), 
mainly by the presence of 7 branchial folds on each 
side and 2 right gonads [2, 10, 21, 37]. In speci- 
mens from Roscoff, however, Monniot [22] found 
that the number of right gonads varies from 1 to 3, 
in terms of the number of gonoducts at the orifice 
end. Such variation is rather unusual for the genus 
Pyura, most species of which have a single gonad 
on each side. 

Recently, Turon [44] found that deeper waters 
(100 m or more) off the Spanish Mediterranean 
coast are inhabited by P. microcosmus with 2-3 
right gonads, while specimens from shallower 
areas have only a single right gonad. He suggested 
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the possibility of distinguishing the specimens with 
a single right gonad from P. microcosmus at the 
specific level. On the other hand, the Red Sea 
ascidian fauna contains P. pantex (Savigny, 1816), 
which is generally similar to P. microcosmus, but 
has a single right gonad. In order to establish the 
taxonomic relationship between these two species, 
and the taxonomic, geographic or ecological signi- 
ficance of the variation in the number of gonads, 
we studied materials from a wide range of locali- 
ties, together with data from the literature, as well 
as a comparison with the European congeners. 
Scanning electron microscopical observations 
were made of pieces of inner siphonal test cut from 
several formalin-fixed specimens after critical- 
point drying and gold coating (sputtering method) 
with a Cambridge S-120 SEM. Abbreviations for 
the museums referred to here are: NHM for The 
Natural History Museum, London, NHMW for 
the Naturhistorisches Museum Wien, ZMH for the 
Zoologisches Museum, Universitat Hamburg, and 
ZMK for the Zoologisk Museum, Kgbenhavn. 


DESCRIPTION 


Pyura microcosmus (Savigny, 1816) 
(Figs. 1-8 and 10) 
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Fics. 1-7. Pyura microcosmus (Savigny). 1: Left side of an 18 mm long specimen from Ischia (5 m deep). 2: Right 
side of the same specimen as Fig. 1. 3: Ciliated groove of the same specimen as Fig. 1. 4: The two gonads on the 
right side of a 23 mm long specimen from Ireland, with the two gonoduct fused at the orifice end. 5: The single 
right gonad of a 30 mm long specimen from Ireland, with the two gonoducts fused at the orifice end. 6: The orifice 
end of the right gonad of a 26 mm long specimen from Ireland, showing a single oviduct aperture, two sperm ducts 
each with separate apertures, and fine filaments connecting the capsules to each other or to the inner mantle 
surface. 7: Schematic representation of an optical section of gonadal capsules and mantle, to show the fine 
filaments between the capsules, or between the capsules and the inner mantle surface. The fine filaments are 
omitted in Figs. 1, 2, 4 & 5 for clarity. Abbreviations: a, atrial siphon; b, branchial siphon; en, endocarp; es, 
esophagus; g, gonadal capsule; i, intestine; 1, liver; s, stomach. Scale bars indicate 1 mm. 


Cynthia microcosmus Savigny, 1816, pp. 90-93, 
97, 144-146, pl. 2, fig. 1, pl. 6, fig. 2 [38] (part, 
excluding bibliographical reference to Cuvier’s 
[5] Ascidia microcosmus, for which Philippi [29] 
proposed the replacement name Cynthia cuvieri, 
clearly referable to the genus Microcosmus). 

Pyura microcosmus: Berrill, 1950, pp. 237-240, 
fig. 83 [2] (placed P. savignyi as a junior 
synonym); Pérés, 1956, p. 302 [26]; 1959, p. 311 
[27]; Monniot, 1965a, pp. 81-83, fig. 23, A, fig. 


24 [22]; 1969, p. 645 [24]; Lafargue, 1971, p. 522 
[16]; Fiala-Médioni, 1974, p. 204 [7]; Tursi, 
1980, p. 68, pl. 9, C [45]; Ramos, 1984, p. 592 
[34]; Lafargue et al., 1986, tab. 1 [18]; Turon, 
1987a, p. 224, tab. 1 [42]; 1987b, pp. 167-168 
[43]; 1988, pp. 473-474, fig. 3 [44]; Ramos, et 
al., 1991, p. 157 [35]. 

Cynthia pantex Savigny, 1816, p. 90, 146-147, pl. 
6, fig. 3 [38]; Roule 1885, pp. 174-179, pl. 9, 
figs. 72-78 [36] (placed Cynthia scutellata as a 
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junior synonym). 

Pyura pantex: Michaelsen, 1919, pp. 21-25 [19]. 

Cynthia savignyi Philippi, 1843, p. 50 [29]. 

Pyura savignyi: Hartmeyer, 1912, pp. 185-186 [9] 
(placed Cynthia scutellata and C. morus, and 
very doubtfully C. pantex, as junior synonyms; 
included C. pantex sensu Roule in the synony- 
mic list); 1923, pp. 176-177 [10] (excluded C. 
pantex); Salfi, 1932, pp. 348-349, pl. 9, figs. 26, 
28-30, text-figs. 44-45, 47 [37]; Pérés, 1951, p. 
1062 [25]. 

Cynthia scutellata Heller, 1877, pp. 250-251 [13] 
(subsequent designation of lectotype in the pre- 
sent study); Traustedt, 1883, pp. 473-474, pl. 
36, figs. 2-3, pl. 37, fig. 2 [41]. 

Cynthia morus Forbes in Forbes & Hanley, 1848, 
p. 39, pl. D, fig. 2 [8]; Alder & Hancock, 1907, 
pp. 86-89, pl. 30, figs. 6-7, pl. 33, figs. 2-5, pl. 
40, fig. 8, pl. 48, fig. 6, text-fig. 56 [1]; Lacaze- 
Duthiers & Delage, 1892, pp. 88-105, pls. 1-3 
[16]. 

Excluded here is the record of P. pantex from SW 

Australia by Hartmeyer & Michaelsen [11], which 

was also referred to by Kott [15] without newly 

collected specimens. 


Material examined ZMH’s materials from the 
Red Sea (depth unknown) and described as P. 
pantex [19]: T1022 (part), 3 of 7 specimens (2 of 
the remaining 4 are assignable respectively to the 
genera Microcosmus and Cnemidocarpa, and the 2 
others are kept unopened for future studies) col- 
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lected by Hartmeyer; T1037, a single specimen 
collected during the Pola-Expedition. NHMW 
85000 (part), 3 syntypes of Cynthia scutellata Hel- 
ler from the Adriatic Sea, depth unknown; for the 
designation of lectotype see Appendix 1. NHM 
1898.5.7.217, 6 specimens from Clew Bay, Ireland, 
tidemarks, in 1874. NHM’s materials from the 
English Channel during the “Manihine” expedi- 
tion in 1947-1949: 1949.12.29.16 (part), stn. 36, 22 
fms., 3 specimens (with another referable to Poly- 
carpa pomaria (Savigny)); 1949.12.29.17, stn. 
M10, 33 fms., a single one; 1949.12.29. 18, stn. 2, 
30 fms., 2 specimens; 1949.12.29.19, stn. M10 
(DM), 33 fms., 1 specimen; 1949.12.29.20 (part), 
stn. M10 (ATL), 33 fms., 1 specimen (with 3 
others referable to P. pomaria); 1949.12.29.22, 
stn. 68, 20 fms., 1 specimen; 1949.12.29.24 (part), 
stn. 64, 30 fms., 1 specimen (with another prob- 
ably referable to the family Styelidae). Monniot’s 
collection [22]: 34 specimens from Chateau du 
Toro, Roscoff in 1966, 30-40 m deep; 12 from the 
mediolittoral zone of Dinard, the English Channel 
in 1966; 4 from Naples, before 1900, depth un- 
known. Turon’s collection from rocky bottoms: 38 
specimens from Tossa de Mar, NE Spain in 1984— 
86, 3-15 m deep [42]; 35 from other areas of NE 
Spain in 1982-87, 3-25 m [43]; 45 individuals from 
NE Spain collected by Lafargue et al. in 1985, 4-35 
m [18], and 17 from the Balearic Isls., collected by 
Lafargue et al. in 1986, 0-37m [35]. Turon’s 
collection from soft bottoms off Catalonia, NE 
Spain in 1981-86, 29-366 m deep, 25 individuals 


Fics. 8-9. 8: Inner view of the basal part of the atrial siphon of a 12.5 mm long specimen of Pyura microcosmus 
(Savigny) from Ischia, showing the low atrial velum distally, and a circle of atrial tentacles (indicated by an 
arrow). 9: Two atrial tentacles of Pyura squamulosa (Alder), from a 38 mm long specimen from the Adriatic Sea 
(NHMW 85001, labeled as Cynthia scutellata Heller). Scale bar indicates 1 mm. 
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[44]. Nishikawa’s collection in 1989 from rocky 
substrata in the vicinity of Ischia Is., Bay of 
Naples, 0-20 m deep, 51 specimens. 

Description Body ellipsoid, 5.9-47 mm long, 
attached to substratum by wide ventral surface. 
Both siphons short but distinct; branchial aperture 
terminal, atrial one situated in the middle to 
posterior one-third of body. Test leathery and 
tough, its coloration variable: dark reddish or deep 
purplish brown to reddish pink dorsally, more or 
less paler ventrally in specimens from Mediterra- 
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nean shallow waters and the Red Sea; in contrast, 
pale brownish pink to almost white (or rarely 
reddish pink in smaller specimens) in specimens 
from Mediterranean deep waters and Roscoff. 
Test surface furnished usually with scale-like thick- 
enings, but sometimes with protuberances. Test 
inside each siphon provided with 4 (or rarely 5) 
white lines on deep purplish brown or reddish 
background in specimens from Ischia, with 8 (rare- 
ly 3 or 4) white lines on a similar background in 
Spanish specimens, or with 8 white and 8 reddish, 


Fics. 10-13. 


Scanning electron microscopic images of the siphonal armature in the four European species of Pyura 


on the basis of Mediterranean specimens. 10: P. microcosmus, scale indicating 20 zm. 11: P. squamulosa, scale 
40 wm. 12: P. dura, scale 100 um 13: P. tessellata, scale 10 ym. 
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purplish or brownish lines alternating in those 
from Roscoff. Siphonal armature of elongated 
scales with rounded tips, 10-20 ~m (usually 12-18 
yum) wide (Fig. 10). Both vela low but distinct. 
Branchial tentacles 12-18 (in smaller specimens), 
up to 26 (in a 36 mm long animal), with first order 
branching. Ciliated groove C-shaped, opening 
anteriorly (Fig. 3), very rarely with both horns 
rolled out in smaller specimens, while somewhat 
deformed and complicated in configuration in lar- 
ger ones. Seven branchial folds on each side, 
except in a 5.9 mm long specimen with 5 folds and 
a 6.8 mm long one with 6 folds; ventral-most of the 
7 folds on either side sometimes discerned only 
anteriorly. Number of internal longitudinal vessels 
in the 47 mm long specimen of NHMW 85000 from 
the Adriatic Sea (lectotype of Cynthia scutellata, 
see Appendix 1), with 3 right gonads: 
L. D. 2 (20) 3 (22) 3 (23) 2 (22) 3 (19) 3 (18) 
Sil) 1 Vv. 
R. D. 2 (17) 2 (23) 2 (27) 2 (25) 2 (17) 4 (16) 
4 (12) 1V; 
and in a 12.2 mm long specimen from Ischia with a 
single right gonad: 
L. D. 1 (14) 2 (9) 2 (12) 2 (12) 2 (10) 2 (8) 1 (4) 
0 V. 
R. D. 1 (11) 1 (12) 1 (14) 1 (15) 2 (12) 2 (7) 2 (4) 
0 V. 
Liver well developed. First intestinal loop very 
wide and opened remarkably; second loop usually 
almost indiscernible, but rarely recognized near 
rectum. One gonad with a single common gono- 
duct on the left in the first intestinal loop (Fig. 1); 
exceptionally, two common gonoducts running ad- 
jacently along their whole length in a 22 mm long 
specimen from the Spanish coast, 100-150 m deep, 
or the gonoduct bifurcated near its orifice end in 
the 35 mm long specimen of NHM 1949.12.29.16. 
One to 3 right gonads in terms of the number of 
gonoducts at the orifice end (Figs. 2, 4-6); the 
number in respective specimens shown in Table 1. 
Gonoduct sometimes fused with neighboring 
one(s) or very rarely bifurcated at orifice end. 
Gonadal capsules connected not only to mantle 
wall but also to one another by thin filaments 
(Figs. 6-7). Number of capsules varying irrespec- 
tive of body size (Table 2). When mature, mesial 
surface of capsules occupied by lobated testicular 


follicles (Figs. 1-2). Endocarps, if present, dis- 
cerned exclusively on gonadal capsules (Fig. 2), 
except in a 16.2 mm long specimen from Ischia 
with several large endocarps on the intestine’s 
second loop. No endocarps issuing from mantle 
wall. Atrial tentacles flattened and tongue-shaped, 
with the margin smooth (Fig. 8) or slightly lobu- 
lated but never fringed. 

Remarks All the examined specimens, including 
the specimens provided with a single right gonad 
and referred to P. pantex by Michaelsen [19], 
which were collected from that species’ type local- 
ity, the Red Sea, are similar in all but the number 
of right gonads and number of gonadal capsules, 
and are therefore regarded as conspecific. A 
variable number of gonads is often detected even 
within a local population, as at Roscoff [22]. The 
specimens with 2 or more right gonads conform 
well to the original and subsequent descriptions of 
P. microcosmus, especially to the detailed descrip- 
tion and color plates of Lacaze-Duthiers & Delage 
[16]. The specimens with a single right gonad are 
consistent with the original description of Cynthia 
pantex given by Savigny, although the type mate- 
rial has not yet been reexamined. As Cynthia 
microcosmus has page position precedence over C. 
pantex, the latter is taken to be a junior synonym 
of the former. The generic name Cynthia Savigny, 
1816 has been replaced by Pyura Molina, 1782 and 
several other names with more limited definitions 
(see [19]), and the mentioned species are un- 
doubtedly assignable to the genus Pyura. Thus, all 
the present specimens are included under P. mic- 
rocosmus. 

Reexamination of the three SW Australian 
specimens (ZMH T1390) identified as P. pantex by 
Hartmeyer & Michaelsen [11] revealed that they 
are not the same as P. microcosmus as defined 
here. The 49.5mm long specimen belongs to 
Microcosmus, while the 24mm and 18 mm indi- 
viduals are allotted to Pyura. These two smaller 
specimens resemble P. microcosmus in several 
ways: the test surface has scale-like thickenings, 
the siphonal scales are rounded, and the gonadal 
capsules are attached to the mantle wall by thin 
filaments. Although the mantle body is too dam- 
aged in both specimens to count the exact number 
of gonads, endocarps are detectable not only on 
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TaBLE 1. Number of right gonads of Pyura microcosmus from different parts of its range, in terms of the 
number of gonoducts at the orifice end, on the basis of actual examinations and literature 
Deen Bequcee Number of specimens with: Deleon 
einai (m) (mm) 1 gonad 2 gonads 3 gonads type (*) nee 
Red Sea (N=?) unknown 27-54 + 0 0 RSM [38] 
Red Sea (N=4) unknown 17-31 4 0 0 RSM present study 
Mediterranean 
Adriatic (N=3) unknown 36-47 1 1 1 ? do. 
Ischia (N=51) 0-20 6-19 51 0 0 RSM do. 
Naples (N=?) unknown 2-14 + 0 0 ? [41] 
Naples (N=?) unknown 15-40 0 + 0 ? [37] 
Naples (N=4) unknown 14-18 1(a) 2 1 ? present study 
Provence (N=?) 35-150 20-30 + ar 0 ? [36] 
NE Spain (N=45) 3-15 10-33 44 1 0 RSM present study 
NE Spain (N=14) 72-274 17-27 1(e) 11(b) 2 ADM do. 
European Atlantic waters 
Roscoff (N=?) unknown 2-30 0 +(c) 0 ? [16] (d) 
Roscoff (N=33) 30-40 6-30 11(e) 21 1 ADM present study 
English (No) mediolittoral 21-43 3(g) 8 1(f) ADM do. 
English Channel 37-60 13-35 3(g) 6 1 ADM do. 
(N=10) 
Ireland (N=6) mediolittoral 20.5-30 2(g) 4(b) 0 ADM do. 
O(h) ? 1 0 0 ? [25] 


Cape Verde Isls. 
(N=1) 


(+): 
(a): 


For explanation see the text. 


its three gonoducts fused into a single one near the orifice end. 


(b): includes two specimens in which one of the gonoducts is formed by the union of two ducts at the orifice end. 
(c): includes specimens with gonoducts as in (b). 

(d): The material includes specimens(s?) with 4 common gonoducts, which ate not shown in the table. 
(e): includes a specimen with 2 gonoducts fused together near the orifice end. 

(f): one of the three gonoducts is only a short side branch of another near the orifice end. 

(g): includes two specimens with gonoducts as in (e). 

(h): found attached to the hull of a ship. 


the gonadal capsules and intestine, but also, unlike 
P. microcosmus, on the mantle anterior to and 
along the second intestinal loop. These differences 
seem of some taxonomic importance. Therefore, 
Hartmeyer & Michaelsen’s material is not iden- 
tified with P. microcosmus in the present study. 
No other specimens identical with theirs have 
hitherto been collected from Australia (see Kott 
[15], p. 320). 

Distribution Red Sea, depth unknown [19, 38]. 
Mediterranean: Adriatic Sea, depth unknown [13, 
17]; Bay of Naples, 0.5-20m (present study), 
depth unknown [37, 41]; Italian coasts, depth 


unknown [38], 40-50 m [45]; Off Tunisia, 37-90 m 
[26]; Banyuls-sur-Mer, 3-10 m [7], 50-80 m [22]; 
Provence, 35-150 m [36]; Spanish coast, 3-366 m 
({18], [34], [42], [43], [44], present study); Balearic 
Isls., 0-37 m [35], 73-83 m [27]; Off Alboran Is., 
53-55 m [27]. Atlantic: Roscoff [16, 22]; the 
English Channel [present study]; British Isles, 45 
m [1], shallow water [2, 20, 21, present study]. 
West coast of Africa: Dakar & Senegal, 35-50 m 
[22, 24]; Cape Verde Isls., 0 m, from the hull of a 
ship [25]. Coasts of France, further information 
unavailable [38]. 
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Comparison of the number of gonadal capsules on each side of Pyura microcosmus from 


different localities, numbers obtained from well preserved specimens in which accurate counts 


could be made. 
specimen has more than one 


This number for the right side represents the total for all the gonads, when the 


Locality Bt am tebe ae eens ao Cp nati coaseleas 
Red Sea (N=3*) unknown 17-31 (L) 9-23 17-22 (R) 
Adriatic (N=3) unknown 36-47 24-31 20-40 or more 
Ischia (N=24*) 0-20 m 6-19 9-21 10-26 

NE Spain (N=16) 3-6m 10-27 8-23 ; 14-27 

NE Spain (N=7) 100-150 m 17-27 26-50 ; 29-63 

Roscoff (N=7) 30-40 m 18-25 24-35 ; 32-66 

English Channel (N=9) mediolittoral 29-36 23-40 28-58 

English Channel (N=5) 40-60 m 15-35 24-31 35-64 


(+): exclusively specimens with a single right gonad 


DISCUSSION 


A comparison among the four species of Pyura 


Table 3 and Figures 10-13 show a detailed com- 
parison of the four Pyura species inhabiting Euro- 
pean waters. The material of the three other 
European congeners examined in the present 
study is listed in Appendix 2. Each species has a 
unique set of morphological features, aside from 
the number of right gonads. This supports our 
judgment that in P. microcosmus the difference in 
that number does not merit a specific distinction. 

Pyura corallina (Roule, 1885), originally de- 
scribed from Provence on the French coast of the 
Mediterranean Sea at depths of 35-70 m [36], was 
excluded from our present comparison, because 
we failed to examine the type or subsequent (if 
any) specimens. It is characterized by 6 branchial 
folds and a single gonad on either side composed 
of capsules, each of which has its own gonoduct, 
never communicating with others. By the isolated 
gonadal capsules, this species is clearly distinguish- 
able from the mentioned 4 species of Pyura. 


Variation in P. microcosmus 


Table 1 shows that, in terms of the percentage of 
individuals with a single right gonad, the local 
populations can be grouped into a Red Sea and 
shallow Mediterranean (abbreviated as RSM-) 
type and an Atlantic and deep Mediterranean 


(ADM-) type, if Mediterranean and Atlantic 
specimens without depth data are excluded from 
consideration. The RSM-type is characterized by 
the near or complete absence of individuals with 2 
or more right gonads, and the ADM-type by a high 
percentage (more than 66%) of such individuals. 
The difference between these two types was 
proved significant statistically by the test of differ- 
ence in proportion (P<0.01). Two or three neigh- 
boring gonoducts on a side are sometimes fused 
together even at almost its orifice end in the 
specimens from ADM.-type populations (see Figs. 
4-6 and the footnote of Table 1), although such 
fusion can be scarcely detected in the specimens 
from RSM-type populations (see Figs. 1-2). 
Therefore, one may regard the number of gono- 
ducts near the orifice end as the number of gonads 
(e.g., counting three for the gonads shown in Fig. 
4), unlike our method to take the number of 
gonoducts just at the orifice end (counting two for 
the same example). If following the former 
method, our grouping mentioned above is justified 
more decidedly, because the percentage of indi- 
viduals with 2 or more right gonads usually in- 
creases in ADM-type populations, though never 
does in RSM-type populations. Further, Table 2 
shows that, in the number of gonadal capsules on 
either (especially the left) side, the specimens from 
ADM.-type populations are usually distinguishable 
from those from RSM-type populations by a high- 
er number of capsules. That number varies from 8 
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to 23 on the left and 10 to 27 on the right in 
specimens from the Red Sea and from 20m or 
shallower in the Mediterranean, but from 23 to 50 
on the left and 28 to 66 on the right in those from 
the Atlantic and from 100m or deeper in the 
Mediterranean. The difference was analyzed sta- 
tistically between these two types in the number of 
gonadal capsules on either side by least-squares 
analysis of variance using the computer program 
LSMLMW (PC-1) [12], and was proved significant 
(P<0.01). The Adriatic specimens are excluded 
from this analysis because of the lack of their depth 
data, but they may belong to an ADM-type 
population, rather than a RSM-type one since they 
have a large number of capsules. We should note 
that all the specimens in this analysis have a single 
left gonad, and some of them, even from the 
Atlantic, have a single right gonad. 

Accordingly, we suggest here that P. microcos- 
mus consists of two (ADM- and RSM-) infraspe- 
cific forms occurring allopatrically. The original 
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illustration of Cynthia pantex based on Red Sea 
specimens [38] shows that the left gonad in one 
specimen consists of 19 gonadal capsules, which 
falls well within the variation range of the RSM- 
form. Whether this hypothesis be true or not, it is 
a fact that the constituents of a shallow local 
population of P. microcosmus in the Mediterra- 
nean are utterly indistinguishable morphologically 
from those of another local population in the Red 
Sea: all belong to the RSM-form. How has the 
present distribution pattern of the RSM-form 
appeared? 


Historical reconstruction of RSM-form: Migration 
or disjunction? 


Generally speaking, such a pattern is possible 
for species with circumtropical, circum-African or 
cosmopolitan distributions (for a few examples see 
[31]). However, the known geographic range of P. 
microcosmus as documented above clearly shows 
that this is not such a species. 


TABLE 3. Comparison of the Pyura species from European waters 
P. microcosmus  P. squamulosa  P. tessellata P. dura 
Maximum body size (*) (mm) 60 40 25 80 
Calcium deposition over test surface Absent Absent Absent Present 
Siphonal armature (see Figs. 10-13) Scales Spinules Scales Spinules with 
with round tips pointed tips & 
in TOWS 
Atrial velum Present Absent Present Present 
Atrial tentacles Flattened Flattened Absent Absent 
without fringe with fringe 
(Fig. 8) (Fig. 9) 
Branching of branchial tentacles in: 1 order 1 order 1 (rarely 2) 2 orders 
orders 
No. of branchial 7 6 4 6 
folds on each side 
Endocarps: 
on mantle inner surface Absent Numerous Several Many 
on gonadal capsules Present Present Present Present 
or absent or absent or absent 
No. of gonads (L/R) 1/1-3 1/1 1/1 1/1 
Attachment of Filaments Capsule Capsule Capsule 
gonads to mantle by: surface surface surface 
Distribution Lusitanian NE Atl. E. Atl. Med.**? 
waters & Red Sea & Med. & Med. 0-150 m 
0-366 m 1-40 m 0-800 m 


*) Based on literature and our actual measurements. 
**) C, Monniot’s records from Senegal are excluded after his own personal communication that they do not 
belong to P. dura, but to P. hupferi Michaelsen. 


Taxonomy of Pyura microcosmus 


Ekman [6] claimed that there was a total dissimi- 
larity between the fauna of the Red Sea and that of 
the Mediterranean before the opening of the Suez 
Canal in 1869. After the opening, many species of 
various groups have been known to move through 
the canal [30-32], resulting in the occurrence of 
the same species on both sides of the Suez Canal. 
Therefore, one may guess that the present dis- 
tribution of the RSM-form is also due to migration 
from the Red Sea into the Mediterranean (Lessep- 
sian migration) or vice versa (anti-Lessepsian) 
through the Suez Canal after 1869 (for examples 
see Table 2 of [31]). We begin with a migration 
model based on the Lessepsian migration concept. 
Por [31} compiled around 1978 the then-known 
data to claim that the western limit of the migra- 
tion may be situated in the Sicily Channel. Furth- 
er, Por [32] proposed in 1983 the “Lessepsian 
Province” to show the distribution of Lessepsian 
migrants, and this does not include the Bay of 
Naples and the NE coast of Spain now inhabited 
by the RSM-form. The RSM-form has inhabited 
the NE coast of Spain at least since 1982, far to the 
west of the province. As there is no good reason to 
believe that the RSM-form has an ablity to spread 
exceptionally more quickly than any Lessepsian 
migrants do, the RSM-form cannot be one of 
them. 

Then, is the RSM-form an anti-Lessepsian mig- 
rant from the Mediterranean Sea? Whether this 
type of migration has been denied [30, 31] or not 
[28], the answer is doubtlessly negative, because 
the form had already been recorded from the Red 
Sea in 1816 as Cynthia pantex [38]. 

Thus, the present distribution pattern of the 
RSM-form, occurring in both the Red Sea and the 
Mediterranean Sea, is not attributable to migra- 
tion after the very recent artificial opening of the 
Isthumus of Suez between these seas. The only 
remaining possibility is that the original population 
of the RSM-form was split into Red Sea and 
Mediterranean populations when the Isthmus of 
Suez was formed, and since then these two daugh- 
ter populations have remained unchanged, at least 
morphologically, even after long isolation. We 
have a good example of such a disjuntion model, 
applicable to the marine fauna around the Isthmus 
of Panama. Briggs [3, 4] indicated that some 
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species of marine sponges, trematodes, crabs, 
echinoderms and fishes can still be considered 
identical on each side of the Isthmus of Panama, 
formed 3 to 5 Ma ago (or 3.0 to 3.5 Ma [14]). 

On the basis of recent knowledge of the geolo- 
gical history of the Levant region [32], we give the 
following explanation of the present distribution of 
the RSM-form. This form may be one of the 
Messinian species, defined as “the oldest perma- 
nent inhabitants of the Mediterranean” [32, 33]. 
The mother population of the form may have 
survived the Messinian salinity crisis during late 
Miocene [39]. After the split of the mother 
population when the Isthmus of Suez was formed 
in the early Pliocene (ca. 5 Ma ago), the daughter 
populations survived subsequent enormous en- 
vironmental fluctuations due basically to the gla- 
cial-interglacial conditions. This consideration re- 
quires a yet unconfirmed prerequisite that the 
RSM-form has been euryhaline, though not so 
supereuryhaline as the typical Messinian fish 
Aphanius dispar [32]. Another consideration is 
based on some authors’ opinion that the Isthmus of 
Suez originated around 2.5 Ma ago, preceded by 
the opening of the Red Sea through the Bab el 
Mandab Strait into the Indian Ocean. This means 
that “there might have been a short period with 
opportunities for a penetration of Indo-Pacific 
biota into the Pliocene Mediterranean” ([32], p. 
18). The mother population of the RSM-form 
possibly originated during this period. These con- 
siderations assume that in the allopatric daughter 
populations of RSM-form significant morphologic- 
al differences did not develop during at least 5 Ma 
(in the former case) or 2.5 Ma (in the latter), 
comparable durations to the above-mentioned 
Briggs’ model. We could suppose that a break- 
down of genetic isolation occurred between the 
daughter populations during interglacial periods. 
However, this seems impossible, because the 
Isthmus of Suez is now believed not to have been 
flooded even during these periods [32]. 

In order to better understand this species, more 
material should be examined from various locali- 
ties and depths, and molecular and embryological 
comparisons should be done among specimens of 
the two forms, as have been done for some marine 
species around the Isthmus of Panama [14]. 
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Appendix 1 Designation of the lectotype of Cynthia 
scutellata 

NHMW 85000 and 85001 are labeled as C. scutellata 
Heller, both from the Adriatic Sea (depth unknown). 
They are the type series, though they are not cited as 
such in the NHMW catalogue (E. Wawra, person. 
comm.). NHMW 85000 consists of 3 individuals firmly 
attached (but never fused in the test) to one another at 
the time of the present reexamination, only a single 47 
mm long specimen of which had been already opened, 
while the other two were still intact. NHMW 85001 is a 
38 mm long specimen, already opened. All four speci- 
mens closely resemble one another externally. As the 
original description referred to the internal features, one 
of the two opened specimens should be designated as the 
lectotype. The 38 mm long specimen registered as 85001 
is similar to, and easily identified with, P. squamulosa in 
most features including the 6 branchial folds on each 
side, numerous endocarps over the inner surface of the 
mantle body, and one gonad on each side. The other 
already opened specimen, the 47mm long one of 
NHMW 85000, has 7 folds on each side, one left and 3 
right gonads, and no endocarps on the mantle. The 
original description says that the species is characterized, 
first of all, by the 7 branchial folds on each side, and also 
in that the endocarps are few in number. We therefore 
designate the 47 mm long specimen as the lectotype, in 
spite of the important descrepancy in the number of 
gonads between the orignal description (one on each) 
and this specimen. The other 3 specimens thus become 
the paralectotypes. 


Appendix 2 Material examined in the present study, 
other than Pyura microcosmus : 

Pyura squamulosa 

NHMW’s materials (labeled Cynthia squamulosa) from 
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the Adriatic Sea: 57775 (part), 2 specimens; 85001, a 38 
mm long paralectotype of Cynthia scutellata; 85002, 1 
specimen; 85003, 3 specimens and 4 halves of two mantle 
bodies; 85004, 3 specimens. Turon’s collection from 
rocky bottoms: 4 specimens from Cap de Creus (NE 
Spain) in 1980-81, 10-20 m; 7 from Tossa de Mar (NE 
Spain) in 1984-86, 5-18 m, and 9 from other areas of NE 
Spain in 1982-87, 3-25 m; 17 specimens collected by 
Lafargue, et al. from NE Spain in 1985, 6-40 m; 12 
specimens collected by Lafargue, et al. from the Balearic 
Islands in 1986, 6-37 m. 


Pyura tessellata 

HM specimens from English Channel during the “Man- 
ihine” expedition in 1949 : 1949.12.29.21, 4 specimens, 
Stn. 68, 20 fms.; 1949.12.29.23, 2 specimens, Stn. 64, 30 
fms. Turon’s collection from rocky bottoms: 1 specimen 
from Cap de Creus (NE Spain) in 1981, 21 m; 1 specimen 
collected by Lafargue, et al. from Balearic Islands in 
1986, 34 m; 2 specimens collected by Lafargue from Rech 
de Lacaze-Duthiers (Banyuls-sur-Mer, France) in 1986, 
300 m. 


Pyura dura 

NHMW 57775 (labelled as Cynthia squamulosa, part) 
from the Adriatic Sea, 1 specimen. Nishikawa’s collec- 
tion in 1989: 2 from Ischia Is., Bay of Naples, 3-4 m 
deep; 1 from a fish market in Taranto, Italy; 1 from the 
vicinity of the Station Marine d’Endoume, Marseille, 2 
m. Turon’s collection from rocky bottoms: 9 specimens 
from Tossa de Mar (NE Spain) in 1984-86, 10-18 m; 4 
from Delta del Ebro (NE Spain) in 1984-86, 1-4 m; 16 
from other areas of NE Spain in 1982-87, 10-30 m; 35 
specimens collected by Lafargue, et al. from NE Spain in 
1985, 5-40 m; 19 ones collected by Lafargue, et al. from 
the Balearic Islands in 1986, 1-36 m. 
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ABSTRACT— There are three anterior arteries and five 
pairs of lateral arteries (LA1-5) which arise from the 
heart of Bathynomus. The cardioarterial valves of LA1 
to 5 are innervated one-by-one by the 1st to 5th lateral 
cardiac nerves (LCN1-5) which are valve dilators. The 
valve in LAS is innervated by LCNS, which is composed 
of two axons. Neuronal cell bodies of the two LCN5 
axons were identified, by means of electrophysiology and 
by dye injection, in the perineural sac-like structure of 
the ganglionic sheath nearest the midline of the posterior 
halves of the 2nd and 3rd abdominal ganglia. The 
neurons were also found to send both descending and 
ascending interganglionic axons beyond the adjacent 
ganglia. It is likely that there is no direct physiological 
connection between the neurons, since activation of 
either one of the neurons did not alter the impulse 
pattern of the other. 


INTRODUCTION 


The anatomy of the innervation of the cardio- 
arterial valves was reported by Alexandrowicz, in 
studies of decapod [1], stomatopod [2] and isopod 
[3] hearts. Recent studies have shown that the 
cardioarterial valves regulate distribution of 
haemolymph flow between components of the 
arterial system in crustaceans [6, 7]. This is quite 
different from the distribution control system 
found in molluscs and vertebrates, where regula- 
tion is carried out by arteriolar smooth muscle [4, 
8], rather than by central valves. We have 
provided evidence that distribution of haemo- 
lymph flow in Bathynomus doederleini, during 
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activity of specific organs, may also be controlled 
by the cardioarterial valves [5]. Kihara et al. [6] 
have shown that in Bathynomus the cardioarterial 
valves receive excitatory (constrictor) and/or in- 
hibitory (dilator) innervation, from the central 
nervous system (CNS). We have reported the 
anatomy and physiology of the Ist to 5th lateral 
cardiac nerves (LCN1-5), which innervate the 
valves of the 1st to Sth lateral arteries (LA1-5) in 
Bathynomus [5]. LCN2 and 3 consist of one axon 
each and LCN1, 4 and 5 consist of two axons. All 
axons in the LCNs are valve inhibitory axons 
which dilate the valves, increasing outflow of 
haemolymph to the arteries. 

This paper deals with LCNS as an example of 
the nerves which innervate the cardioarterial 
valves. LCNS innervates the valve of LA5, the 
artery which supplies the swimmerets. One of the 
two axons of LCNS arises from the 2nd abdominal 
ganglion (AG2) and the other from the 3rd 
abdominal ganglion (AG3), via the 3rd root in 
each case [5]. The impulse rate of LCNS increased 
during a period of activation of swimmeret move- 
ments [5], and also, tachycardia accompanied 
activation of swimmeret movements [10]. This 
shows that valve nerves control haemolymph flow 
to target organs through individual arteries, 
according to their physiological demands. In order 
to analyze neuronal mechanisms of central control 
of haemolymph distribution from the heart to the 
arteries, it is necessary to identify neurons which 
innervate the cardiovascular system in the CNS. 
For the extrinsic cardiac nerves of Bathynomus 
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doederleini, three kinds of cardio-regulatory 
neurons, two pairs of cardio-acceleratory neurons 
and one pair of cardio-inhibitory neurons, have 
recently been identified in the thoracic ganglia [11, 
12], so valve motor neurons alone remain to be 
identified in the CNS. 

In the present communication, we provide 
intraganglionic locations of inhibitory valve motor 
neurons to the cardioarterial valve of LAS of the 
isopod Bathynomus doederleini. 


MATERIALS AND METHODS 


Before dissection, animals (Bathynomus doeder- 
leini, 9-15 cm in body length) were anesthetized 
with an isotonic (0.36 M) MgCl solution injected 
into the body. The animals were transected at an 
intersegmental region between the thorax and 
abdomen, and the ventral nerve cord together with 
a pair of LCNSs in the abdomen was exposed. 

Back-filling by cobalt and nickel ions from the 
3rd roots of AG2 and AG3 revealed about 20 
candidates for LCNS cell bodies in AG2 or AG3. 
We examined the effect on LCNS activities of 
extracellular positive or negative DC stimulation, 
applied through a glass capillary suction electrode 
to perineural sac-like structures of the ganglionic 
sheath, which involved the candidates. Mean- 
while, the proximal cut-stumps of right and left 
LCNSs at a point near the heart were drawn 
one-by-one into glass capillary suction electrodes 
to record their extracellular impulses. These 
procedures enabled us to observe that the rate of 
LCNS impulses was changed when stimuli were 
applied to a certain sac-like structure nearest the 
midline of the posterior halves of AG2 and AG3. 
Indeed, candidates for LCNS5 cell bodies were 
found in the sac-like structures of the posterior 
halves of AG2 and AG3. 

The sac-like structures of the ganglia were 
carefully desheathed. Intracellular recording and 
current injection were performed on LCNS cell 
bodies using single 3 M KCI-filled glass microelec- 
trodes (tip resistance, 10-20 MQ) connected with a 
bridge device. For electrophoretic injection of the 
dye, the candidate cell bodies were impaled with 
glass microelectrodes filled with 5% Lucifer yellow 
dissolved in 1M LiCl! solution, using negative 
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current pulses, 5-15 nA, 1 sec in duration and at 
0.5 Hz for 1-2 hr (cf. [9]). The preparations were 
incubated overnight at 4°C, fixed with 4% formal- 
dehyde, dehydrated with graded series of ethanol 
and cleared with methyl salicylate. The dye-filled 
neurons were observed under a fluorescent micro- 
scope and photographed. 


RESULTS AND DISCUSSION 


Criteria employed for identification of LCN5 
neurons were as follows. 1. Spontaneous in- 
tracellular impulses, recorded from the cell bodies, 
corresponded to extracellular impulses of one of 
two LCNS5 axons in a one-to-one manner with a 
constant delay. 2. When the rate of impulses was 
altered by depolarizing or hyperpolarizing current, 
a one-to-one relationship was maintained between 
impulses of LCNS and of the cell body. 3. 
Antidromically-conducted impulses from LCNS to 
the cell body did not cease in a high Mg** saline 
(three times [Mg”*] of normal sea water). 4. After 
the injection of Lucifer yellow, it was shown that 
the axon from the cell body actually extended into 
the 3rd root of its own ganglion. 

Intracellular recordings obtained from candi- 
dates for LCNS cell bodies in AG2 (A) and AG3 
(B) are shown in Figure 1. In the preparations 
from which the data were obtained, both the cell 
bodies were located at a site near the midline in the 
posterior halves of the ganglia on the contralateral 
side (cf. Fig. 2). Spontaneous intracellular im- 
pulses in the cell bodies corresponded to one of the 
two units of extracellular impulses of a right 
LCNS, in a one-to-one manner with a constant 
delay (compare the top traces with the middle 
traces). Al and Bl show the points at which 
depolarizing current was injected into a cell body. 
It may be seen that, as the rate of impulse firing 
increased in the cell body, so did the rate of one of 
the two units of extracellular impulses recorded 
from the right LCNS, in a one-to-one manner. 
Hyperpolarizing current (A2 and B2) stopped the 
intracellular impulses and one of the two units of 
extracellular LCNS impulses. However, in- 
tracellular current injection into a left hemigang- 
lion neuron did not affect the impulse patterns of 
the left LCNS5, and that of the other unit (from 
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Fic. 1. The records in A and B illustrate the methods used to identify LCNS5 neurons in the 2nd (A) and 3rd (B) 
abdominal ganglia (AG2 and AG3). 1 and 2; Intracellular records from the cell bodies (soma) of the left 
hemiganglion and extracellular records from right and left LCNSs (r and 1). Intracellular impulses corresponded 
to one of the two units of right LCNS impulses one-to-one, with a constant delay. The LCNS cell bodies were 
depolarized (Al, B1) or hyperpolarized (A2, B2) during periods indicated by underlining. Large artifacts 
indicate the onset and end of current injections. A one-to-one relationship between intracellular and extracellular 
impulses continued during depolarization. 3; Superimposed records of antidromically-conducted impulses in cell 
bodies. Eight (A3) and ten (B3) single stimuli applied to an LCNS generated antidromic impulses in the cell 
bodies of AG2 (A3) and AG3 (B3) in a one-to-one manner with a constant latency. Downward deflections at the 
beginnings of records are stimuli. This record was obtained during perfusion of the preparation with high Mg?t 


saline. 


AG3 in A or from AG2 in B) of the right LCNS. 
When antidromic somatic impulses were generated 
by single stimuli applied to LCNS5, during perfu- 
sion with high Mg’~ saline, the impulses corres- 
ponded to the stimuli in a one-to-one manner, with 
a constant latency (Fig. 1, A3 and B3). 
Intracellular injection of Lucifer yellow into the 
cell bodies revealed their axonal processes (photo- 
graphs in Fig. 2A and B). Both the cell bodies (40 
ym in diameter) were located in the posterior 
halves of right AG2 and AG3 hemiganglia contra- 
lateral to LCNSs. The morphological features of 
the two neurons appeared to be quite similar to 
each other. As shown in the schematic drawings of 
Figure 2, an axon arising from the cell body runs to 
the origin of the 3rd root, and divides into three 
major processes. Two of the three were inter- 


ganglionic processes ascending and descending 
beyond adjacent ganglia, and the other was one of 
the two LCNS axons running to the periphery in 
the 3rd root of the ganglion. 


Intracellular recordings and Lucifer yellow 
staining show that the candidate neurons are the 
LCNS neurons themselves. Among 12 cell bodies 
in 8 animals used in this experiment, 9 cell bodies 
in 7 animals were located on the side contralateral 
to the LCNS carrying their axons, and 3 cell bodies 
in 3 animals were located on the side ipsilateral to 
their LCNS5 periphery. However, the perineural 
sac-like structures of the ganglionic sheath, where 
LCNS cell bodies were found, were always located 
at the site nearest the midline in the posterior 
halves of the 2nd and 3rd abdominal ganglia (AG2 
and AG3). We observed fine processes ramifying 
from axons (see schematic drawings of Fig. 2). A 
descending process from AG2 and an ascending 
process from AG3 run very close to each other in 
the CNS (see Fig. 2A). However, direct current 
injected into either one of the neurons did not alter 
the impulse pattern of the other (Fig. 1A and B, 1 
and 2). It is likely that there is no direct 
physiological connection between the two LCN5 
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Fic. 2. Cell bodies and processes of LCN5 neurons stained with Lucifer yellow in the 2nd (A) and the 3rd (B) 
abdominal ganglia (AG2 and AG3) of the ventral nerve cord. Fluorescent micrographs show ventral views of the 
cell bodies (s, 40 ~m in diameter) and the major processes arising from the cell bodies (arrows). A cell body of 
each LCNS neuron was located in the posterior half of the contralateral hemiganglion in this preparation. An 
axon arising from the cell body divided into three major processes at the origin of the 3rd root. Two of the 
processes were interganglionic ascending and descending processes (arrows). The other one was the LCNS axon, 
which runs out peripherally in the 3rd root. Arrowheads in AG2 indicate the ascending process arising from the 
LCNS neuron in AG3. Schematic drawings show the locations of LCNS cell bodies and their processes. Broken 
lines show perineural sac-like structures of the ganglionic sheath on the ventral side. 


neurons. 

Each of the 3rd roots of the 4th thoracic to 3rd 
abdominal ganglia contributes an axon to the 
valves [5]. Since the two LCNS5 neurons have 
similar intraganglionic locations in their individual 
neurons and have similar impulse characteristics, it 
may be possible to extrapolate the characteristics 
to the identification of cell bodies of LCNs other 
than LCNS, i.e. LCN1 to LCN4. Identification of 
valve motor neurons allows analysis of the central 
cellular mechanisms of regulation of the distribu- 
tion of cardiac output between components of the 
arterial system. 
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ABSTRACT—To date, vestimentiferan tube-worms 
have been considered to be a typical member of the 
deep-sea biological communities supported by chemosyn- 
thetic production. In 1993, during a series of surveys 
exploring the biological community accompanied by 
submarine fumaroles called “Tagiri” by local fishermen, 
thousands of vestimentiferans were discovered to form 
clusters at a depth of 82 m in Kagoshima Bay, southern 
Japan. The tube-worms were collected by means of a 
small dredge attached to a deep-tow color TV system. 
Some dozen of living worms has been maintained in a 
laboratory for more than 220 days. The vestimen- 
tiferans in Kagoshima Bay are remarkable not only in the 
shallowest occurrence in the world but also in the first 
record from the euphotic zone. 


INTRODUCTION 


Kagoshima Bay is characterized by two gigantic 
calderas, the Ata and the Aira, which formed the 
southern and the northern areas of the bay, 
respectively [10]. The northern bay-head area of 
about 18 km long by 20 km wide, is separated from 
the southern area by an active volcano, Mt. 
Sakurajima, and connected by a shallow and 
narrow strait. The last big eruption of the Aira 
Caldera is thought to have occurred about 22,000 
years ago [1]. In the eastern part of the head area, 
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two submarine fumarole sites at depths of 80m 
and 200m are known by the appearance of 
released gas bubbles up to the surface and called 
“Tagiri” by local fishermen [14]. The word 
“Tagiri” means ‘bubbling’ and/or ‘boiling’ in 
Japanese. Although “Tagiri” sites are quite shal- 
low compared with other hydrothermal vents, the 
geochemical circumstances of these sites were 
inferred the same or close to the environmental 
condition of the vents where associated biological 
communities were found. Therefore, the existence 
of a biological community adapted to the shallow 
submarine fumarole or volcanism was expected in 
Kagoshima Bay. 

The first vestimentiferan species, Lamellibrachia 
barhami, was described as a unique pogonophoran 
from the Northeast Pacific at a depth of 1125m 
[20]. In the study of L. luymesi, the ves- 
timentiferan species were once placed in the 
phylum Annelida [9]. Jones proposed, however, a 
new phylum, Vestimentifera, for the ves- 
timentiferan tube worms on the basis of the 
revision of above species and the study of various 
species from deep-sea vents and seeps [5]. 
Although the affiliation of vestimentiferans is also 
disputable at the level of hemoglobin structure [17] 
and genetics [7], seven genera and twelve species 
of vestimentiferans have been described from the 
world deep-sea hydrothermal vents and cold seeps 
to date [5, 9, 11, 16, 20]. Vestimentiferans are 
known at depths between 1125-3270 in the East- 
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ern Pacific and Gulf of Mexico [5], at 500 m depth 
off Guyana [9], and at 300 m depth off Montevideo 
[11]. Around Japan, several types of ves- 
timentiferans were also found and captured from 
deep-sea chemosynthetic communities in Sagami 
Bay [4] and Mid-Okinawa Trough [3, 13] between 
depths of 690-1370 m along tectonically active 
zones. All previous records of vestimentiferans 
were in aphotic or bathyal zones. This paper 
reports the first discovery of a vestimentiferan 
population in the euphotic zone. 
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MATERIALS AND METHODS 


The two submarine fumarole sites are situated in 
the eastern part of the bay-head area, north-east of 
Mt. Sakurajima. One is a flat bottom of 200m 
deep, so-called “the Wakamiko Proto-caldera”, 
which is thought to be resposible for the bay 
structure [8]. The other site, a small knoll rising 
from the deepest bottom up to 76m deep, is 
adjoining to the proto-caldera (Fig. 1). 

The search for a biological community in the 


31°41'N 
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Fic. 1. Topography of the northern part of Kagoshima Bay. Living vestimentiferans were found near the summit of 
a small knoll neighboring on the Wakamiko Proto-caldera. 
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area of the submarine-volcanic proto-caldera was 
carried out from the R/V Natsushima with an 
unmanned submersible Dolphin 3K in June 1990 
and in May 1991, and during the cruise of R/V 
Kaiyo with a deep-tow color TV system in April 
1991. The small knoll cone of 76m deep was 
surveyed by R/V Kaiyo in February 1993. 

The deep-tow colour TV system of 4000 m depth 
capability consisted primarily of a color TV, four 
250 W lamps, two 35 mm still cameras, two strobes 
and a transponder. A conductivity-temperature 
recorder with dissolved oxygen sensor (Sea-Bird 
Electronics, Inc. SBE-16/DO) was also installed 
on the camera frame. A small dredge of 40 x 10 x 
50 cm was attached about | m below the bottom of 
the system. Real time monitoring and selective 
sampling of organisms and bottom sediments were 
possible with this system. Distribution of remark- 
able objects or organisms was depicted by the 
route map of the based on the photographs and 
video images. During the surveys, the position of 
the system and R/V Kaiyo was fixed by a 
transponder navigation system and a GPS naviga- 
tion system, respectively. The population density 
and the biomass of the vestimentiferans were 
estimated with stereo photographic analysis and 
the measurement of collected specimens. 


RESULTS AND DISCUSSION 


By the explorations in 1990 and 1991, numerous 
fumaroles and filamentous bacteria swaying in a 
current of volcanic gas and fluid were observed in 
the flat bottom at a depth of 200 m [12]. However, 
no megabenthos was found at this site. 

On February 4, 1993, numerous clusters of living 
vestimentiferan with bubbles of 
“Tagiri” gas and fluid were suddenly seen on TV 
monitors during a survey near the summit of the 
small knoll adjacent to the proto-caldera. These 
vestimentiferans were captured from the eastern 
side of the knoll, between depths of 82 m and 110 
m (Fig. 2). The worms inhabited the outcrops of 
several meters and the surface of substrata was 
covered completely with the worms or with thick 
sediments. The occurrence of these clusters was 
restricted to a small area, approximately 150 m by 
200m. The highest population density was esti- 
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mated to be 3000 individuals per square meter by 
stereo photographic analysis. The biomass in wet 
weight was inferred to surpass 9 kg per square 
meter. The vestimentiferans of this area are 
considered to be an undescribed species of the 
genus Lamellibrachia in having peripheral lamellar 
sheaths. Most collected specimens are now under 
taxonomical study by the second author (TM). At 
this site, solemyid bivalves, polychaetes, palaemo- 
nid shrimps, and galatheids were also collected. 

Released gas in this site contained high concen- 
tration of carbon dioxide (80.6—84.3 volume %), 
methane (12.5-15.3 volume %), and hydrogen 
sulfide (0.07-0.47 volume %) [15]. The water 
temperature just above the effluent was higher 
(28-30°C) than the surroundings (16°C). The pH 
value was very low (5.1-6.9) compared with that 
of surface water (8.2). The salinity was 33.8- 
33.9%c, and dissolved oxygen was 5.1—5.3 ml/I. 

Vestimentiferan tube-worms have been consi- 
dered a typical member of deep-sea biological 
communities supported by chemosynthetic pro- 
duction [5]. Their energy for life depends on the 
symbiotic bacteria, which derive chemical energy 
from the oxidation of sulfide [2, 6]. The dense 
population of vestimentiferan worms in Kagoshi- 
ma Bay is also believed to be supported by the 
symbiont using hydrogen sulfide released from the 
fumaroles. This was also supported by the fact that 
the second author (TM) could maintain living 
vestimentiferans in his laboratory for more than 
220 days by providing sodium sulfide as a source of 
hydrogen sulfide. The discovery in Kagoshima 
Bay proves that vestimentiferans can live not only 
in the deep aphotic zone, but also in the shallow 
euphotic zone. Our investigation clearly demon- 
strates that the limiting factor for the habitat of 
vestimentiferans is not the combination of vent 
fluid and depth, but the vent fluid or the similar 
chemicals. 

Since Kagoshima Bay is shallow compared with 
other hydrothermal vents, the biological commun- 
ity of the “Tagiri” site might be composed of 
organisms based on both photosynthesis and 
chemosysnthesis, similar to the gasohydrothermal 
vent community of the Kurile Islands [18, 19]. The 
“Tagiri” community with vestimentiferan tube- 
worms, however, has not yet been well studied. It 
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Fic. 2. Upper: A clump of vestimentiferan tube-worms, 31°39.55'N 130°48.07'E, 82 m deep, Kagoshima Bay. The 
vent fluid welling out of the clump base was also photographed as whitish patches. Lower: A specimen of the 
vestimentiferan worms collected from the same site. (a scale; mm) 


remains to be proved if we will find megabenthos 
species similar to the deep-sea vent community. 
On the other hand, it is also quite probable that 
the vestimentiferan population of Kagoshima Bay 
may have originated in other hydrothermal vent 
communities close to the bay, such as those of the 
Minami-Ensei Knoll [3] and the Iheya Ridge [13] 
of the Okinawa Trough. For clarification of the 
propagation and ecological significance of the 


Kagoshima population, we need more studies on 
the structure of the “Tagiri” community, the life 
history of the vestimentiferan, and the genetic 
relations among populations. 
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CELL CYCLE CONTROL DURING MEIOTIC AND 
EARLY CLEAVAGE CYCLES 


TAKEO KISHIMOTO 


Laboratory of Cell and Developmental Biology, Tokyo Institute 
of Technology, Nagatsuta, Yokohama 227, Japan 


In immature oocytes the cell cycle is arrested at 
the prophase of the first meiotic cycle. The arrest 
is released in starfish by a maturation-inducing 
hormone, 1-methyladenine (1-MeAde) which was 
identified by Kanatani and his colleagues in 1969. 
The start of our work was to clarify how 1-MeAde 
induces meiotic maturation in starfish oocytes; the 
maturation-promoting factor (MPF) was first iden- 
tified as a cytoplasmic activity which mediates the 
action of 1-MeAde on oocyte surface to the 
germinal vesicle. Later studies revealed, however, 
that MPF is not restricted in meiosis reinitiation 
but rather a dominant M-phase promoting factor 
in all eukaryotic cells. 

In these five years, it has been established that 
MPF is a ser/thr kinase consisting of at least two 
components, a catalytic subunit homologous to the 
fission yeast cdc2 gene product and a regulatory 
cyclin B subunit. After the association of cdc2 
protein with newly synthesized cyclin B, the 
complex is activated by the cdc25 phosphatase- 
catalyzed intramolecular modification. In addi- 
tion, the intracellular state of the cyclin B/cdc2 
complex is modified to perform M-phase; after the 
activation, part of the complex relocates from 
cytoplasm into nucleus, accumulating onto con- 
densed chromosomes and spindles. Phosphoryla- 
tion of histone H1 by cdc2 kinase appears to allow 
the access to chromatin of a putative chromosome- 
condensing factor. On the other hand, the cyclin 
B-MAP interaction targets cdc2 kinase to micro- 


tubules, and phosphorylation of MAP by the 
associated cdc2 kinase abolishes its microtubule- 
stabilizing activity. Thereafter, destruction of 
cyclin B causes kinase inactivation, resulting in the 
exit from M-phase. 

In addition to M-phase control which is common 
to somatic cell cycle, a control mechanism seems to 
exist specific for meiotic and early cleavage cycles; 
meiosis consists of two successive M-phase, while 
the interkinesis period has potentiality to replicate 
DNA. Fertilization causes S-phase, and there- 
after, M- and S-phases proceed alternately, sug- 
gesting that the cell cycle control is developmen- 
tally regulated to establish the coupling of M-phase 
and S-phase. We have recently isolated cDNA 
clones of so-called G1/S cyclins like A, C, and D 
types and cdk2 from starfish and Xenopus eggs. 
Since these products are presumed to be involved 
in the regulation of S-phase, we are currently 
trying to identify their contribution to the cell cycle 
control which is specific for early development. 

In conclusion, endocrinology of starfish oocyte 
maturation has been transformed via MPF into cell 
biology of M-phase control in all eukaryotic cells. 
Now we are approaching via G1 cyclins to the 
developmental regulation of cell cycle control, in 
particular to the control of the start point during 
Gl-phase. Thus, reproductive biology on oocytes 
is really reproducing a novel strategy for cell 
multiplication or cell reproduction. 
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STUDIES ON THE MECHANISM OF AMPHIBIAN 
SPERMATOGENESIS IN VITRO 


SHIN-ICHI ABE 


Department of Biological Science, Faculty of Science, 
Kumamoto University, Kumamoto 860, Japan 


One of the most attractive systems of dif- 
ferentiation and morphogenesis is spermatogene- 
sis. Spermatogenesis commences with the prolif- 
eration of spermatogonia, followed by the forma- 
tion of primary spermatocytes which undergo 
meiotic divisions and give rise to spermatids which 
differentiate into mature sperm. A number of 
questions persist as to the mechanism of sperma- 
togenesis, such as the mechanisms of differentia- 
tion of spermatogonia which mitotically proliferate 
to primary spermatocytes which undergo meiosis, 
of pairing and crossing over of the chromosomes, 
and of morphogenesis into mature sperm. The 
roles of hormones and Sertoli cells in sperma- 
togenesis also remain to be clarified. 

To address these questions, it would be ideal to 
develop a culture system which could support 
spermatogenesis. First, we have established in 
vitro differentiation from the primary spermato- 
cyte stage to the early, mid-spermatid stage in cell 
suspension cultures for the Japanese newt, Cynops 
pyrrhogaster and for Xenopus laevis with chemical- 
ly defined media. Second, we established organ 
culture of newt testes fragments in chemically 
defined media. When testes fragments rich in 
secondary spermatogonia were cultured in a con- 
trol medium for 3 weeks, most of the cysts still 
contained only secondary spermatogonia. The 
diameters of the cysts and viability of germ cells 
decreased during the inoculation. On the other 
hand, in the medium supplemented with various 
kinds of hormones and vitamins, primary sper- 
matocytes appeared in more than half of the cysts 
by the second week. The diameters of the cysts 
and viability of germ cells did not decrease during 
2 weeks. Selective removal of specific hormones 


and vitamins revealed that porcine follicle- 
stimulating hormone (FSH) alone was indispen- 
sable and sufficient for the differentiation of sec- 
ondary spermatogonia to primary spermatocytes. 
Neither the addition of luteinizing hormone (LH) 
nor androgens to the control medium stimulated 
differentiation. The number of secondary sperma- 
togonia and Sertoli cells incorporating 5-bromo-2’- 
deoxyuridine (BrdU) throughout the culture 
period in the presence of FSH was three to five 
times that incorporating BrdU in the absence of 
FSH. Moreover, addition of FSH to the testes 
fragments, which had become quiescent after a 
week of culture in the absence of FSH, induced 
within a day a remarkable increase in the number 
of spermatogonia and Sertoli cells incorporating 
BrdU. The above results indicate that FSH 
stimulates and induces DNA synthesis in sperma- 
togonia and Sertoli cells. 

FSH alone was also found to promote the 
differentiation of primary spermatocytes to elon- 
gated spermatids in organ culture of the newt 
testes fragments. When testes fragments rich in 
primary spermatocytes were cultured in a control 
medium for 3 weeks, only round spermatids were 
observed as the most advanced stage and both the 
diameter of cysts and viability of germ cells 
decreased remarkably. This is consistent with our 
results in cell suspension cultures of primary 
spermatocytes that they proceed through meiotic 
divisions to give rise to round spermatids but never 
differentiate into elongated spermatids. On the 
other hand, in the medium supplemented with 
FSH alone, elongated spermatids appeared by the 


second week and both the diameter of cysts and 
viability of germ cells were maintained at higher 


4 


level than the original one. 

In order to study how FSH works to stimulate 
proliferation and differentiation of spermatogonia 
to primary spermatocytes and also to elongate 
spermatids, we dissociated the newt testes by 
collagenase of spermatogonia and somatic cells 
showed incorporation of more [*H]thymidine in 
the presence of FSH than in the absence of FSH, 
while reaggregation of spermatogonia alone 


showed no significant difference in the presence 
and absence of FSH. Also, reaggregation of 
primary spermatocytes and somatic cells showed 
differentiation into more spermatids in the pre- 
sence of FSH than in the absence of FSH, while 


reaggregation of primary spermatocytes alone 
showed no significant difference in the presence 
and absence of FSH. Radioreceptor assay showed 
that [!*°IJovine FSH specifically bound to somatic 
cells but not to germ cells. These results indicate 
that FSH acts on somatic cells, most probably 
Sertoli cells, which stimulate secondary spermato- 
gonia to proliferate and differentiate into primary 
spermatocytes and also into elongate spermatids. 
Further molecular analysis should provide in- 
sight into the roles of Sertoli cells and FSH in the 
initiation of proliferation and differentiation of 
spermatogonia into elongate spermatids. 


Biochemistry 


RETINOID COMPOSITION AND THE RETINAL-— 
PROTEIN COMPLEX IN TELEOST EGGS. 
T. Iriet and T. Seki?. 
1Qsaka Meijo Women's College and ?Dept. of 
Health Sci., Osaka Kyoiku Univ., Osaka. 


Retinal(s) and a small amount of retinol 
were found in the eggs of the three tele- 
osts examined; Oncorhynchus keta, Acantho- 
Pagrus schlegelii and Inimicus japonicus. 
O. keta eggs contain both rali and ral2, 
but A. schlegelii and I. japonicus eggs 
ral: only. Retinyl ester was detected in 
the eggs of O. keta and A. schlegelii, 
which have oil droplets in their eggs, but 
not in I. japonicus eggs, which are with- 
out oil droplets. Retinals are bound to a 
yolk protein, probably homologous to LV1l 
in amphibian eggs. Retinals were not 
extracted after a treatment with both 
NaBHs and SDS to the yolk protein, showing 
that the retinals are bound by Schiff base 
linkage. Single treatment with NaBHs was 
ineffective. The effects of NaBHs indi- 
cate that the binding site of the protein 
to the retinals is in a hydrophobic submo- 
lecular environment formed by the lipid 
that exists in the protein, a lipoprotein. 

Retinal(s) are suggested to be the main 
retinoid in teleost eggs; retinyl ester is 
found only in the eggs with oil droplets, 
and the retinol is present much less than 
the retinal. The binding of retinals toa 
yolk lipoprotein by Schiff base linkage in 
teleost eggs is common to that in the eggs 
of Xenopus laevis. 


COFILIN IN BLOOD CELLS; PLATELETS, 
LEUKOCYTES AND LYMPHOCYTES. 

H.Abe' and H. Takano-Ohmuro’, N. Minami’, 
R. Mochizuki‘ and T.Obinata’. ‘Dept.of Biol. 
Chiba Univ., Chiba, *Dept.of Pharmacol. Fac. 
of Wed., Univ. of Tokyo, Tokyo and *Japan 
Red Cross Saitama Branch, Yono. 

Cofilin is an actin-modulating protein of 
about 20 kDa which is involved in the 
regulation of actin assembly in both muscle 
and non-muscle cells. In blood cells, 
profilin and thymosin B have been 
considered as major regulators for actin 
assembly and nothing is known as to the 
presence and function of cofilin. Here, we 
report that considerable amount of 
cofilin exists in blood cells. 

Whole lysates of platelets, polymorpho- 
nuclear leukocytes and lymphocytes were 
displayed on two dimensional gels, a 
combination of NEpHGE and SDS-PAGE, and 
cofilin (20 kDa) and profilin (16 kDa) 
spots were identified with anti-cofilin 
(WVAB-22) and anti-profilin antibodies. As 
judged by the protein spots on the two 
dimensional gels, the amount of cofilin 
appeared roughly equivalent to that of 
profilin in each cell. Phosphorylated 
inactive form of cofilin was scarcely 
detected in blood cells, although it is 
detectable in brain and cultured cells. 
Cofilin was obtained in both soluble and 
insoluble fractions of cell homogenates. 
Cofilin location in leukocytes was 
altered by treatment with phorbol ester. 


Increased Expression of Cofilin in 
Dystrophic Chicken and Mouse Skeletal 
Muscles 

K. Hayakawal, N. Minamit, S. Onot, T. 
Obinatal, and T. Totsuka2. lDept. of Biol., 
Chiba Univ., Chiba, and 2Inst. of Dev. 
Res., Aichi Pref. Colony, Aichi. 


A monoclonal antibody (McAb) specific for 
actin depolymerizing factor (ADF) was 
prepared. With this, anti-cofilin McAb 
(MAB-22) and other antibodies, the 
expression of cofilin and ADF in the 
muscles of dystrophic (NH-413) chicken and 
dystrophic (C57BL/6Jdy/dy) mice was 
compared with that in normal control 
animals by immunoblotting and immunocyto- 
chemical methods. Cofilin was detected in 
the breast (pectoralis) muscle of normal 
adult chicken and the leg (femoris and 
tibialis anterior) muscles of normal mice 
only at a low level. ADF was not detected 
in adult skeletal muscles. However, a 
significant increase of cofilin amount, but 
not of ADF amount, was observed in these 
muscles of the dystrophic animals, when the 
symptom of muscular dystrophy became 
evident. Immunocytochemical studies of 
serial cryosections of the dystrophic 
chicken muscle with MAB-22 showed that 
cofilin expression was induced in the 
regenerating muscle cells of small size as 
well as in the pre-existing myofibers of 
large size. We suggest that cofilin is 
involved in disassembly or reorganization 
of actin in the dystrophic muscle. 


PURIFICATION OF DESMIN FROM SOLUBLE 
FRACTION OF SKELETAL MUSCLE 

Y. Yoshihara and M. Kuroda. Dept. of Biol., Fac.of Sci., 
Shimane Univ., Matsue 


Desmin, a muscle type subunit proteins of 
intermediate filaments forms a scaffolding structure of 
skeletal muscle myofibrils. Such scaffolding structure 
of myofibrils is quite resistant from the extraction with 
high and low salt-buffers. However, we found that 
definite amount of desmin was liberated from the 
myofibrils into the soluble fraction by simple 
mechanical agitation (i.e., homogenization by Warring 
blend for 30 s) of chicken breast muscle myofibrils 
under physiological conditions. Pelleting experiments 
showed that the desmin (50K) in this fraction was in 
polymeric state. Meanwhile, a 38k-proteolytic fragment 
found in the fraction was recovered in the supernatant 
after centrifugation. We separated the desmin from the 
soluble fraction of muscle homogenate using single 
strand-DNA cellulose column or anti-desmin affinity 
column chromatography. Protein bands with 200k, 
100k and 42k daltons were eluted from these affinity 
columns together with 50k-desmin band. They are 
possible candidates for the desmin binding proteins. 
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Ca-SENSITIVITY OF SPLEEN ALPHA-ACTININ. 
M. Kuroda, -M. Yagoshi and M. Sasaki. Dept. of 
Biology, Fac. of Sci. Shimane Univ. Matsue, Shimane. 


We examined the effect of Ca on the interaction 
of spleen alpha-actinin and F-actin. Alpha-actinin 
was isolated from porcine spleen by Mg-precipitation 
and then purified by DE-52 and hydroxylappatite 
column chromatography. Subunit molecular weight of 
the spleen alpha-actinin, that migrated a little faster 
than skeletal muscle alpha-actinin on SDS-gels, was 
98K. Stokes’ radius of the purified preparation 
determined on a Sephacryl S-300 column was 7.2 nm 
in 0.1 M KCI with and without Ca. When measured by 
the miniature falling-ball method, spleen alpha- 
actinin induced Ca-dependent gelation of F-actin. 
Experiments with Ca-EGTA buffer indicated that the 
apparent viscosity of the F-actin solution that 
contained 20 % alpha-actinin to actin increased 


abruptly at Ca-concentrations less than 10-6 M. On 
the other hand, pelleting experiments of the spleen 
alpha-actinin with F-actin showed that the alpha- 
actinin binds to F-actin even in the presence of 0.5 
mM CaCl, although the binding molar ratio of alpha- 


actinin and actin at the saturated level was smaller in 
the presence of Ca than in its absence. 


MUTATION FROM MULTI-POLAR TO BI-POLAR 
STATE IN C6 GLIOMA CELLS IS RELATED TO 
CONTENT OF CYTOSKELETAL PROTEINS, ESPE- 
CIALLY VIMENTIN. 

T. Kobayashi. Dept. of Biochem., Jikei 
Univ. School of Med., Tokyo 


In a previous work, I have isolated 
three morphological mutant clones from C6 
glioma cells and named C6F, C6L and C6D, 
respectively. C6L cells were long, thin 
and bipolar and made linear colonies of 
linearly arranged cells. In suspension 
culture, both original C6 cells and C6L 
cells made merely spherical aggregates. 
However, such aggregates, when replated on 
culture dishes, reconstructed the charac- 
teristic cell alignment. As a candidate 
of a protein responsible for the muta- 
tions, laminin was first focused. Laminin 
content was much lower in C6L cells than 
original C6 cells. Immunof luorescence 
microscopy revealed that distribution of 
laminin was restricted around the polar 
areas of the C6L cells. Exogenous admin- 
istration of laminin increased percentage 
of multipolar cells in C6L. Since it is 
reasonable to consider that the cell 
morphology is determined more directly by 
cytoskeletons than by cell adhesiveness, I 
determined contents of cytoskeletal pro- 
teins and found that vimentin content was 
extremely decreased in C6L cells and that 
its content was further decreased by 
removing the cells by trypsin and recov- 
ered by replating on culture dishes. 


MASS PURIFICATION OF THE TWO ACITN 
BINDING PROTEINS, COFILIN AND DESTRIN, 
USING PLASMID CONTAINING BACTERIA. 
Takanori Ohmuma, Jun-ichi Yasuda, 
Susumu Jinkawa, AND Susumu Kotani. 
Dept. of Biochem. Eng. Sci., Kyushu 
Inst. Tech., Iizuka, Fukuoka. 


Cofilin and destrin are low molecu- 
lar mass actin-regulating proteins orig- 
inally identified in mammalian brain. 
Their overall primary structures are 
very similar especially in the actin 
interacting region (Yonezawa et al., J. 
Biol. Chem. 266, 17218-17221). The 
dodecapeptide patterned on the actin 
binding sequence was analyzed by a 
series of two-dimensional ~H NMR methods 
to determine the conformation. In this 
study, mass purification procedures, 
which are necessary for the determina-— 
tion of the overall tertially structure, 
were developed. Each expression plasmid 
was transfected into E. Coli. The 
soluble protein fractions were obtained 
from the expression-induced cells. The 
proteins were purified by sequential 
chromatographies. Using the procedure, 
we routinely obtained 0.25 mg cofilin 
and 1.0 mg destrin per 1 g cells. 


PARTIAL SEQUENCE OF (NA,K)ATPASE a-SUBUNIT 
GENE OF MASU SALMON, ONCORHYNCHUS MASOU 
S.Konno!, M.Nomoto?, M.Kawamura?, H.Uedal, 
K.Takama! and K.Yamauchi!, 1Faculty of 
Fishries, Hokkaido Univ., Hakodate, ?Faculty 
of Medicine, UOEH, Kitakyushu. 


Smoltification (parr-smolt transformation) 
in salmonids is a very complex phenomenon 
composed of morphological, physiological and 
behavioral changes. During smoltification, 
seawater adaptability developes with the 
occurrence of body silvering. The gill 
(Na,K)ATPase may be involved in development 
of the seawater adaptability in salmonids. 
Indeed, increases in gill (Na,K)ATPase 
activity during smoltification are reported 
in coho, Atlantic and masu salmons. Here, 
we studied on the gene structure of masu 
salmon, Oncorhynchus masou, at the first 
step toward elucidation of roles of 
(Na,K)ATPase in smoltification. 

First, we performed a genomic Southern 
analysis by using Torpedo (Na,K)ATPase a- 
and B- subunit cDNAs. When a-subunit cDNA 
or its subfragments were used as probes, 
more than 3 signals were detected 
irrespective of restriction enzymes used, 
suggesting that at least 3 a-subunit genes 
are present in masu salmon. However, no 
intense signals were detected with p-subunit 
cDNA probes. 

A genomic fragment having 4 exons of masu 
salmon a-subunit gene (from exonl4 to 
exonl7) was cloned and sequenced. The 
sequence similarities were 82%, 73%, 79% and 
77% for exonl4, 15, 16 and 17, respectively, 
between masu salmon and Torpedo a-subunits. 
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ROLE OF ATP IN CYCLIC GMP-SIGNAL 
TRANSDUCTION OF HYPERGLYCEMIC HORMONE 
FROM PROCAMBARUS CLARKII 

S. Aizawa K. Mizoguchi and T. Ohoka. Dept. Biol., Fac. 
of Sci., Tokyo Metropol. Univ. 


To study the cyclic GMP-mediated regulation in 
crustacea, properties of membrane-bound guanylyl 
cyclase from Procambarus was investigated. The 
enzyme activity was revealed to be stimulated by 
crustacean hyperglycemic hormone (CH) purified from 
sinus glands of the same species. The stimulation was 
enhanced in presence of ATP. 

Membrane fraction was prepared from heart, in a 
medium containing proteinase inhibitors, and CHH, 
extracted from sinus glands and purified by HPLC, were 
utilized. The activation depended entirely to CHH 
concentration and divalent cations, Mg2t or Mn2*, and 
the hormonal stimulation degree was rather prominent 
in presence of Mg@*. Examining the conditions of 
hormonal effect on the stimulation, ATP was found to 
have an additional stimulating effect in presence of 
hormone and divalent cation. Ka values for ATP 
activation was 0.11 mM in presence of 4 mM Mg2*. 
Addition of ATP did not result the shift of Ka for CHH 
(about 0.8 x 10°° M ), but Vmax was increased. ATP 
analogues, adenosine 5'-thiotriphosphate (ATPyS) and 
adenylimidodiphosphate (AppNHp) also showed 
similar stimulatory effect, Ka values being almost similar. 
From these results, a transduction mechanism was 
suggested that the ATP would not be served as a 
protein phosphorylation, but via a ATP-binding 
conformational modulation . 


COMPARISON OF THE CALCIUM-SENSITIVE 
PROTEINS AMONG DIFFERENT ORGANS AND 
AGES IN THE RAT 

Tatsuo Kido, Hideo Namiki 

Department of Biology, School of Education, 
Waseda University, Tokyo 


When the extract of organs with Tris-HCl buffer 
were treated with a solution containing 50mM 
CaChk. some proteins precipitated, among which 
some of them dissolved in a buffer containing 
25mM EGTA. We call the proteins for 
convenience “calcium-sensitive proteins(CaSPs)’. 
Comparing CaSPs among organs which have 
different functions (lever, kidney, brain, striped 
muscle, testis and ovary), common bands and 
different bands formed on native PAGE. 
Furthermore in some of these organs, some of 
those bands appeared and some others 
disappeared after the weaning period. We discuss 
on the existence of an organ specific CaSPs and 
growth or age specific CaSPs taking part in each 
organ’'s function. 


CLINICAL BIOCHEMICAL CHARACTERISTIC OF LEC 
AND LEA RATS. 

M. Nomura, Y. Watanabe, M. Yamada, and S. 
Takayama., Drug Safety Research Center, 
Developmental Research Laboratories, Daiichi 
Pharmaceutical Company Ltd., Tokyo. 


Long-Evans Cinnamon strain (LEC) rat is 
recently established at Hokkaido University, 
Sapporo, Japan. LEC rat suffers from 
hereditary hepatitis due to its copper 
deficiencies and subsequent liver cancer at 
a high frequency, and it is a most suitable 
and unique animal model for study of 
hepatitis and liver cancer. In the present 
study, the clinical pathological testing 
value in LEC rats, Long-Evans Agouti (LEA) 
and Long-Evans (LE) strain rats were 
determined: hematology (RBC, HGB, HCT, MCV, 
MCH, MCHC, Retics, WBC, differential, PLT), 
Blood biochemistry (GOT, GPT, ALP, LDH, CHE, 
LAP, BIL, UN, CRE, UA, CPK, AMY, GLU, TP, 
ALB, A/G, TCHO, PL, TG, NEFA, IP, Ca, Fe, 
Mg, Na, K, Cl), protein fraction and blood 
coagulation (PT, APTT, Fbg). In LEC rats, 
hypochromic anemia, neutrophilia, 
bilirubinemia, abnormality of hepato- 
billiary parameters (high value of LAP, GOT 
and GPT, hypoproteinemia, increasing of 
serum iron and hyper urea-nitrogen were 
observed. Additionally, these animals 
showed prolongation of prothrombin time and 
activated partial thromboplastin time. 

These findings confirmed the abnormal 
hepatic functions of the LEC rat. 


AN EXAMPLE OF EARLY DETECTION OF 
ESOPHAGEAL CANCER IN ITS EARLY STAGE BY 
DETERMINATION OF URINARY XANTHOPTERIN. 
M. Tsusué! ,T. lino” and T. Mazda’. 

"Biological Lab.School of Liberal Arts, Kitasato Univ., 


Sagamihara. "Dept. of General Education, Nihon Univ., 
Tokyo. 
Japanese Red Cross Tokyo Metropolitan Blood Center. 


Neopterin has been recognized as a useful monitor of 
human cell-mediated immune status. We found that 
xanthopterin also reflects the same type of immune status. 
In the course of our study on the determination of urinary 
pteridines, one of the author happened to assay his urinary 
pteridines and found that the values are higher than normal 
ones although he felt healthy. After undergoing an 
endoscopic inspection, an abnormality was found in the 
squamous cells of his esophagus. A biopsy revealed the 
presence of well differentiate squeamous cell carcinoma. 
Although tumor indicators showed normal values , surgery 
was performed to remove the malignant cells. After 
histological observation, we discovered the same well- 
differentiated squamous cell carcinoma cell that was 
observed before the operation. Urinary pteridines showed 
dramatic change, while tumor markers such as CEA, SCC 
and Ca 19-9 showed normal values during hospitalization. 
Although the present data were a single example experiment, 
the level of urinary pteridine might possibly be a useful 
marker aiding in the early detection of malignancies. 

From standpoint of a patient, the author felt that irradiation 
of visible light (The Institute of Light Foundation) might 
activate cell-mediated immune system. 
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COLD ADAPTATIONS IN DROSOPHILA 

I. THERMAL BEHAVIOUR OF TRIACYLGLYCEROLS 
C. Katagiri’, and T. Ohtsu’. 

"Biochem. Lab., Inst. of Low Temp. Sci., 
and 7Dept. Zool., Fac. Sci., Hokkaido 
Univ., Sapporo. 


Triacylglycerols (TAG) are the major fuel 
for basal metabolism during the winter in 
temperate species of the Drosophila mela- 
nogaster species group. We have already 
reported that, in the montium species 
subgroup, unsaturated fatty acids are not 
randomly distributed among TAGs, and 
suggested that this may be related to the 
ability of Drosophila to cope with temper- 
ate climates (J. Biol. Chem. 268, 1830- 
1834 (1993)). In the present study, we 
examined that the nonrandom distribution 
of unsaturated fatty acids facilitate 
lowering the melting points of TAGs. For 
this purpose, we used a cool- and a warm- 
temperate species of which TAGs_ contain 
the similar percentages of the unsaturated 
fatty acids but melt at different 
temperatures. We separated the TAGs of 
the warm-temperate species into molecular 
classes according to the number of double 
bonds in the fatty acyl chains and 
reconstructed the TAG composition of the 
cool-temperate one by the above-separated 
molecular classes. Thermal analyses 
demonstrated that the reconstructed TAGs 
melt at the similar temperature to the 
original. : 


COLD ADAPTATIONS IN DROSOPHILA 

II. THERMAL TOLERANCE AND QUALITATIVE 
CHANGES OF PHOSPHOLIPIDS. 

T. Ohtsu, M. T. Kimura”, C. Katagirit and 


S. H. Hori*®. Dept. Biol., Fac. Sci., 
*Grad. Sch. Envi. Earth Sci., and 
*Biochem. Lab., Inst. of Low Temp. Sci.,- 


Hokkaido Univ., Sapporo. 


Thermal tolerance was studied in some 
temperate and subtropical species of 
Drosophila with relation to fatty acid 
composition of phospholipids. In the D. 
melanogaster species group, species from 
higher latitudes were not only highly 
cold-hardy but also highly tolerant to 
heat. In addition, diapausing individuals 
of these species were more tolerant to 
heat and cold than non-diapausing individ- 
uals. On the other hand, the heat toler- 
ant and cold-tolerant were negatively 
correlated among species of the D. immi- 
grans species group. The analyses of 
fatty acid composition of phospholipids 
suggested that cold-hardiness was posi- 
tively correlated with percentage of 
monoenoic acids, but was negatively corre- 
lated with percentage of dienoic acids in 
these Drosophila species. 


PHYSIOLOGICAL SIGNIFICANCE OF SORBITOL 6- 
PHOSPHATE _ IN THE HEMOLYMEH OF THE SILKWQRM. 
M. Osanail, T. Asakura“ and T. Furusawa’. 
Dept. Bio]., Fac. Sci., Kanazawa Univ., 
Kanazawa, “Dept. High Mol. Chem., Fac. 
Techn., Tokyo Univ. Agr. Technol., Koganei 
and “Dept. Appl. Anim., Fac. Text. Sci., 
Kyoto Inst. Technol., Kyoto, Nippon. 
Weight of the silk gland of 5th instar lar- 
vae of the silkworm, Bombyx mori, increases 
100-fold during their development, due to 
an active synthesis of fibroin. The silk 
gland is the biggest organ just before 
spinning. It has been regarded that treha- 
lose is the hemolymph sugar of insects. 
However, most reports showed that no treha- 
lase activity was detectable in the silk 
gland. Only Shimada (1976) reported the 
existence of trehalase activity in this 
organ, but it was slight in the 5th instar 
larvae, suggesting that trehalose in the 
hemolymph of the silkworm may not be 
utilized for the active fibroin synthesis 
in the silk gland. On the other hand, it 
was found that concentration of sorbitol 
6-phosphate (S-6-P) is extreme high in the 
hemolymph and over fourfold of that of 
trehalose in 5th instar larvae. Moreover, 
high activities of NAD- and NADP-dependent 
S-6-P dehydrogenases were detected in the 
posterior silk gland. Uptake of glycine 
into the posterior silk gland cultured in 
the medium containing S-6-P is twice more 
than that in the medium containing glucose 
6-phosphate. In the silkworm, that polyol 
phospate ester may act as a blood sugar. 


ISOLATION AND IDENTIFICATION OF OMMIN IN THE 
EPIDERMAL CELLS OF THE SILKWORM, BOMBYX MORI. 
H. Sawada’, M. Tsusué' ,T. Iino? 

"Biological Lab. School of Liberal Arts, Kitasato Univ., 
Sagamihara Dept. of General Education, Nihon Univ., Tokyo 


We found ommin for the first time in the integument of the 
larvae of lepidoptera. The compound was isolated from epidermal 
cells of the quail mutant of the silkworm, Bombyx mori, by 
column chromatography on SP-Sephadex and cellulose. As a 
standard compound ommin was isolated from normal silkworm 
eggs. The pigment from quail mutant was well coincided with 
the standard compound in its absorption spectrum, Rf values 
of TLC analysis as well as in retention time of HPLC. The 
quail mutant have also been found to contain a large amount of 
xanthommatin. These data suggest that the quail mutant contains 
not only xanthommatin but also ommin. 

Larval color of many strains of Bombyx mori is determined 
chiefly by combination of xanthommatn and yellow pteridines. 
The ommin and xanthommatin are a group of natural organic 
pigments widely distributed in invertebrates, especially in the 
eyes and eggs of the arthropods. These ommochrome pigments 
are biochemically defined as products of tryptohan metabolism. 
We have already reported that xanthommatin and pteridines 
were contained in respective granules in the epidermal cell. 
However, the details of biosynthesis and accumulation 
mechanism of the ommochrome are still unknown. The present 
data give us a part of whole image of ommochrome synthesis 
and accumulation in insects. 
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CLONING AND SEQUENCING OF 

CYCLOPHILIN cDNA IN SEA URCHIN, 
HEMICENTROTUS PULCHERRIMUS. 

K. Ohta and T. Nakazawa, Department of Biology, Faculty 


of Science, Toho University, Funabashi. 


The cDNA library constructed with the poly (AT) RNA 


from the sea urchin embryo, Hemicentrotus pulcherrimus 


screened by using a mouse cyclophilin (Cyp) cDNA probe. 


We isolated three positive clones and their sequences were 


analyzed. One of three encodes a mouse Cyp homolog. 
Homology search picked up Cyp of various species. 
Therefore, we consider that the clone is a H. pulcherrimus 
Cyp cDNA. 

Cyp is an abundant, ubiquitous cytosolic protein with 


binding activity for immunosuppressive cyclic undecapeptide, 


cyclosporin A (CsA). And Cyp is identical to peptidyl prolyl 
cis-trans isomerase (PPlase). Cyp seems to be involve in 
the intracellular signaling events via the PPlase catalytic 


mechanism. We are now studying the sea urchin Cyp. 


SEQUENCE ANALYSYS OF CATION TRANSPORT 
ATPASES IN EMBRYOS OF THE SEA URCHIN, 
HEMICENTROTUS PULCHERRIMUS. 

H.Kawashita’, K.Yamazaki', T.Okamura’, M.Asami', 
K.Mitsunaga—Nakatsubo? and I.Yasumasu’. ‘Dept. of Biol., 
Sch. of Educ., Waseda Univ., Tokyo and “Dept. of Rad. 
Res., The Tokyo Metropolitan Inst. of Med. Sci., Tokyo. 


There are several conserved regions in the catalytic site 
of cation transport ATPases. To analyzed the regulatory 
mechanism of expression of these enzymes, we have tried 
to obtain the cDNAs from embryos of the sea urchin, 
Hemicentrotus pulcherrimus. 

We have screened the gastrula Agt10 cDNA library with 
an oligonucleotide probe derived from a conserved amino 
acid sequence of the ATP-binding site of the 
aspartylphosphate family of transport ATPases. Several 
kinds of ten positive signals were obtained from 10° clones. 
Restriction maps were determined and their nucleotide 


sequences were analyzed by the dideoxy chain termination 


method. 


IDENTIFICATION OF NA‘*/K*-ATPASE ALPHA-SUBUNIT 
ISOFORMS IN EMBRYOS OF THE SEA URCHIN, 
HEMICENTROTUS PULCHERRIMUS. 

K. Yamazaki, H. Kawashita, C. Okamura, M. Asami, K. 
Mitsunaga—Nakatsubo , and |. Yasumasu. Dept. of Biol., 
Sch. of Educ., Waseda Univ., Tokyo and ‘Dept. of Rad. 
Res., The Tokyo Metropolitan Inst. of Med. Sci., Tokyo. 


In mammals, at least three kinds of isoforms of Na‘/K*- 
ATPase a-subunit have been identified so far. Their gene 
expression is regulated in developmental and tissue 
specific manner. lsoform specific region of high consensus 
sequence among species is located on the cytoplasmic 
region between the fourth and the fifth transmembrane 
domain. Recently we determined the sequence of Na*/K*- 
ATPase a-—subunit cDNA for H. pulcherrimus. Its isoform 
specific region was the most homologous with a3-subunit 
consensus sequence. To detect the isoforms of Na‘/K*— 
ATPase a-subunit for H. pulcherrimus, we prepared two 
primers that would be expected to amplify the fragments 
containing the isoform specific region by genomic PCR. 
Several fragments were amplified at low annealing 
temperature for PCR, whereas only two fragments could 
be amplified at high temperature. The results of 
sequencing indicate that the latter different two sequence 
were due to the genetic polymorphism in intron. We are 
now analyzing the other PCR products obtained at low 
temperature. 


MOLECULAR CLONING AND STRUCTURE OF CYANOPRO- 
TEIN GENES OF RIPTORTUS CLAVATUS 

Ken Miural, Tetsuro Shinoda? ,Katsumi 
Kamiya? and Yasuo Chinzeil. 1 Dept. of 
Med. Zool., Mie Univ., Tsu, ?Natl, Inst. 
for Tea, Mie Pref., and 3Dept. of Biol., 
Fac. of Sci., Osaka City Univ., Osaka. 


Biliverdin-associated cyanoproteins of the 
bean bug, Riptortus clavatus (CP-1 to 4) are the 
hexameric proteins constructed by the assembly of 
two types of subunit, CPa and ~£. Sequence 
analysis has revealed that these proteins are 
related to the lepidopteran storage proteins and 
arthropod hemocyanins. Topical application of 
juvenile hormone to the diapause female adults 
results in the expression shift from CP8 to CPa 
at the level of transcription. Therefore, we have 
proposed that this system is suitable for studying 
the molecular basis of hormonal regulation of gene 
expression. In the present study, we constructed 
the FR. clavatus genomic library in AEMBL-3 and 
screened the library by using the radio-labeled 
cDNA probes encoding CPa and 8 subunits. The 
CPa gene contained at least 11 exons, which is in 
a marked contrast to the fact that the genes of 
the lepidopteran homologues (cf. arylphorins of 
Manduca sexta and storage proteins of Bombyx 
mori) are composed of 5 exons. The upstream 
region contained a typical TATA box, several 
palindromic structures, and the consensus. se- 
quence (TGATAAG/A), which is found in the up- 
stream region of storage protein genes of holome- 
tabolous insects so far sequenced. More minute 
structural analyses on the CP genes are now 
underway. 
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CLOSE RELATIONSHIP BETWEEN APHID GUT 
MICROBE AND ITS INTRACELLULAR SYMBIONT 
H. Harada and H. Ishikawa 

Zoological Institute, Faculty of Science, University of Tokyo, 
Hongo, Bunkyo-ku, Tokyo 113, Japan 


The intracellular symbionts of aphid are harbored by 
cells called bacteriocytes in the fat body. Comparison of 
nucleotide sequences of several genes has strongly suggested 
that the aphid endosymbionts are more closely related to 
Escherichia coli than to any other free-living bacterium. 

In the meantime, it is generally believed that 
intracellular symbionts in insects originated from their gut 
microbes, which are descendants of free-living bacteria taken in 
with diet by the insects in the evolutionary past. This 
interpretation, though plausible and supported by morphological 
evidence, lacks molecular biological evidence. In the present 
study, we demonstrated that one of aphid gut microbes is 
actually very much related to an intracellular symbiont of aphid 
from a molecular biological point of view. 

In the course of studies on aphid symbionts, we found 
that the pea aphid harbors, at least, two species of gut microbe. 
Analysis of RFLP of their 16S rDNA and groE homologues 
suggested that one of the gut microbes is a close relative of E. 
coli, and that aphid symbiont is still more related to this 
microbe than to E£. coli. In addition, the optimal temperature for 
the growth of this gut microbe was significantly lower than that 
of E. coli, suggesting that this microbe has been adapted to the 
ambient temperature of the host insect and shares a very close 
ancestor with the aphid endosymbiont in common. 


STRUCTURAL ANALYSIS OF TELOMERIC SEQUENCE 
OF SILKWORM BOMBYX MORI. 

S.Okazaki, H.Ishikawa and H.Fujiwara. 
Zool. Inst., Fac. of Science, Univ. Tokyo, 
Tokyo. 

We previously identified the pentanu- 
cleotide telomeric sequence (TTAGG) , in 
silkworm Bombyx mori, which was located at 
all the ends of the chromosomes. Cloning 
and sequencing of the terminal fragments 
of the chromosomes revealed that this 
repetitive sequence extends into the very 
end in each chromosome. The length of the 
repeats were presumed to be 6-15kb per 
chromosome terminal. 

We also detected several (TTAGG), 
repeats which exist in the internal re- 
gions of chromosomes and are flanked by 
other sequences. While the generation 
mechanism of these internal telomeric 
sequences is unknown, telomere specific 
gene conversions and/or addition of DNA 
fragments to chromosome terminals are 
thought to be involved in the mechanism. 
‘An interesting feature of the silkworm 
internal telomere is that the repeats are 
flanked by poly(T) tracts. ( Six out of 10 
clones have poly(T) tracts.) These poly(T) 
tracts were also observed in the flanking 
region of the Drosophila melanogaster 
telomere, the structure of which is much 
different from that of the silkworm telo- 
mere. It is likely that the poly(T) plays 
a role in joining the DNA fragment to the 
chromosome terminal in insects. 


EXPRESSION OF A GENE FOR ADP/ATP 
TRANSLOCASE DURING EMBRYOGENESIS IN 
THE ASCIDIAN HALOCYNTHIA RORETZI. 


T. Miya, K. W. Makabe, and N. Satoh 
Dept. of Zool. , Fac. of Sci. , Kyoto Univ. , Kyoto 


The ADP/ATP translocase is the most abundant 
integral protein of the inner mitochondrial 
membrane and it is encoded by the nuclear DNA. 
We examined the expression of a gene for 
ADP/ATP translocase during embryogenesis of the 
ascidian H. roretzi. Sequence analysis of a cDNA 
clone for the ascidian ADP/ATP translocase 
indicated that it contains a single open reading 
frame that encodes a polypeptide of 304 amino 
acids. The polypeptide showed extensive similarity 
to mammalian ADP/ATP transiocase, with as much 
as 72% identity. The genome of H. roretzi contains 
a single gene, or two genes at most, for the 
protein. A large amount of mRNA for ADP/ATP 
translocase was found in unfertilized eggs and 
early embryos. The amount of this mRNA 
decreased after the 64-cell stage, and the mRNA 
became barely detectable in tailbud embryos. Both 
in situ hybridization and Northern blot analyses 
demonstrated that the mRNA is rather evenly 
distributed between cells of muscle lineage and 
cells of non-muscle lineage. 


cDNA CLONING OF MAMMALIAN-TYPE CATHEPSIN D 
HOMOLOGUE FROM METAMORPHOSING LARVAE OF 
XENOPUS LAEVIS. 

M. Mukai and K. Yoshizato 

Dept. Biol. Sci., Fac. Sci., Hiroshima 
Univ., Higashihiroshima. 


In the metamorphosis of amphibian, 
aspartic proteinases such as cathepsin D, 
have a key role for destroying larval 
tissues. To make clear the molecular nature 
of cathepsin D in larval tissues and 
analyze mechanisms how thyroid hormone 
controls involution of larval tissue at 
gene expression level, we tried to isolate 
cDNA clone homologous to mammalian 
cathepsin D from Xenopus laevis. 

We constructed cDNA library 
(3x10°p.f.u. ) ink 410 from mRNA of Xenopus 
tadpoles which had been pretreated with 
3x10 78M T3 for 6 days to induce 
metamorphosis. To isolate homologous cDNA, 
3x10° recombinants were screened at low 
stringency (6xSSC, 42°C) with the rat 
cathepsin D cDNA (gift from Dr. K. Kato) 
and 13 candidates were obtained. Of these 3 
clones with 0.7, 4.0 and 4.5 kbp inserts 
were shown to have higher homology with rat 
cathepsin D. Partial sequence analysis of 
0.7 kb clone showed that the clone have 
poly(A) addition signal (AATAAA) and mainly 
contains 3’ untranslated region. 
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RAT C-REACTIVE PROTEIN IN DIFFERENT STIMULATIONS: 
CHANGES IN SERUM CONCENTRATION AND mRNA LEVEL 
IN THE LIVER 
W. Nunomura’, Y. Takakuwa” and T. Higashi? 
1) Dept. of Biochemistry, Tokyo Women's Medical College and 2) 
Tumour Laboratory, Tokyo 

C-reactive protein ( CRP ) is one of typical acute phase 
proteins in many animals. In response to several stimuli, 
such as inflammation, macrophages produce lympho- 
kines that induce CRP synthesis in the liver. One of 
authors ( W.N. ) reported previousely that sex hormones 
also regurate serum CRP concentration. However, little 
is known about the process of CRP production including 
time-dependent changes in CRP-mRNA level in the 
liver. In this study, using male rats ( Wistar strain ) we 
observed time-dependent changes in serum concent- 
ration of CRP and CRP-mRNA level in the liver after 
injection of turpentine-oil (i.m.) or estradiol-17 @ (s.c. ). 
After turpentine-oil injection, CRP-mRNA level in the 
liver increased followed by increased in serum CRP 
concentration. In contrast, on estradiol-17 6 stimulation 
the serum concentration decreased without changes of 
the CRP-mRNA in the liver. The latter suggest rats may 
have alternative mechanism for regulation of serum 
concentration of CRP. 


ACTIVATION OF LACCASE—TYPE PROPIIENOLOXIDASE 
IN THE CUTICLE OF INSECT. X . PROPERTIES OF 
PROLACCASE IN ADULT CUTICLE OF SILKWORM, 
BOMBYX MORI. 

H. I. Yamazaki. . Biol- , Lab. . Atomi Gakuen 

Women’s Univ. _, Saitama. 

The hardening and darkening mechnism of cuticle has 
been extensively studied on larval—pupal ecdysis. The laccase, 
a type of phenoloxidase is found in cuticular matrix and suppos— 
ed that the enzyme mediates the hardening and darkening pro— 
cess. And the laccase itself is involved in the newly tanned 
matrix. The inactive prolaccse is found in newly formed pupal 
cuticle bound tightly with the cuticle. However, it can be solubi— 
lized with the aid of proteinases, purified and analysed by bio— 
chemical techniques. 

Prolaccase was also found in the cuticle tanning process of 
larval—larval ecdysis and studied. And the characteristics of 
proenzyme in pupal—adult ecdysis were comparatively investigat- 
ed with the case of larval—larval and larval—pupal ecdysis. 

The laccase was isolated as 6 0 KDa protoform from adult 
cuticle before eclosion by a-chymotrypsin. The adult pro— 
laccase having smaller molecular size than it from pupae was 
activated by trypsin and recognized by antiserum raised from 
pupal laccase . 

The tanning mechanisms of newly formed cuticle are con — 
sidered to be fundamentaly similar in larval—larval, larval—pupal 
and pupal—adult ecdyses. 


THE PROPHENOLOXIDASE CASCADE OF INSECT : 
FRACTIONATION OF THE COMPONENTS IN PLASMA 
OF THE SILKWROM, Bombyx mori. 

M. Ochiai and M. Ashida 

Biochem. Lab., Inst. of Low Temp. Sci., 
Hokkaido Univ., Sapporo. 


The prophenoloxidase cascade of insect 
hemolymph is considered to play some 
important roles in the defence reaction. 
The cascade is triggered by microbial cell 
wall components such as B-1,3-glucan and 
peptidoglycan. Although the cascade is 
presumed to be composed of the recognition 
proteins, some zymogens of serine pro- 
tease, prophenoloxidase and other unknown 
factors, the activating mechanism of the 
cascade has not been worked out yet. 

In the present study, we tried to frac- 
tionate the essential components of the 
cascade in the plasma of silkworm, Bombyx 
mori., using a chain of columns of SP- 
Toyopearl, heparin-Toyopearl, DEAE-Toyo- 
pearl and hydroxyapatite. Each fraction 
eluted from the columns was shown to 
contain at least one essential components 
as inactive form. We could reconstruct a 
prophenoloxidase cascade using these 
fractions and the purified samples of the 
known components. The results of the 
experiments indicated that the fraction 
eluted from SP-Toyopearl contained a, yet 
unknown, new component involved in the 
activation of the cascade. 


ACTIVATION MECHANISM OF PRO-BAEEase (a serin 
enzyme zymogen) IN PROPHENOLOXIDASE CASCADE OF 
INSECT 

Y. Katsumi, MOchiai, and M.Ashida. 

Biochemical. Lab 

The Institute of Low Temp. Science. 

Hokkaido University, Sapporo. 


In insect hemolymph prophenoloxidase has been 
shown to be activated through the action of a 
cascade, which is termed prophenoloxidase cascade. 

At least two serine protease zymogens are 
activated when the cascade is triggered by 
8-1,3-glucan or peptidoglycan in the presence of 
Caer 

One of the two zymogens, proBAEEase (39kDa.), 

a precursor of an enzyme (BAEEase) hydrolyzing 
benzoylarginine ethyl ester was purified from 
hemolymph of the silkworm, Bombyx mori and used 
in the present study. The proBAEEase was incubated 
with $-1,3-glucan, Ca** and Heparin fraction, 
which contains all components required to activate 
proBAEEase by -1,3-glucan. As BAEEase activity 
appeared, 39kDa.polypeptide (proBAEEase) was shown 
to be converted to 38kDa .polypeptide in the 
reaction mixture. The 38kDa. polypeptide could 
be labelled with “H-DFP, indicating that the 
38kDa. polypeptide is an active serin protease 
BAEEase. 

Based on these results and a comparison between 
N-terminal amino acid sequences of proBAEEase and 
BAEEase, an activation mechanism of proBAEEase 
was proposed. 
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IDENTIFICATION OF THE CLEAVAGE SITE OF 
PROPHENOLOXIDASE DURING ACTIVATION BY 
ACTIVATING ENZYME 
Y.Yasuhara’*,M.Ochiait,T.Kawabata*,M.Tsuchiya2, 
S.Matsuura*and M.Ashida* 

1The Institute of Low Temperature Science, 
Hokkaido University,Sapporo. 

2Osaka Research Laboratories,Wako Pure Chemical 
Industries Ltd.,Osaka 


Phenoloxidases (POs) play some important roles 
in self-defense mechanisms and recognition of 
foreign matters in insects. 

Recent investigations have suggested that they 
exist as inactive precursors (proPOs) and these 
precursors are activated through a limited 
proteolysis. 

However, no study has been reported about 
the sequence cleaved during the limited 
proteolysis although the methods for obtaining 
homogeneous proPO and its activating enzyme 
(PPAE) have been reported for several insect 
species. 

We employed homogeneous preparations of pro- 
PO and PPAE from silkworm to analyze the amino 
acid sequence around the site where limited 
proteolysis occured at proPO by PPAE. 

We isolated peptides and PO released from 
proPO during its activation by PPAE and 
analyzed their partial amino acid sequences 
based on the data obtained from base sequence 
of the cDNA and Edman degradation of the 
peptide. 

The results indicate that PPAE specifically 
cleaves -Arg-Phe- bond in -Asn-Arg-Phe-Gly- 
sequence of proPO subunits. 


DEMONSTRATION OF THE PRESENCE OF PROPHENOL- 
OXIDASE CASCADE IN LARVAL CUTICLE OF THE 
SILKWORM, Bombyx mori. 

M. Ashida and Y. Koizumi. The Institute of 
Low Temperature Secience, Hokkaido Univ., 
Sapporo 

We have previously demonstrated the 
presence of cuticular prophenoloxidase 
(proPO), active form of which is often 
called "wound phenoloxidase" because its 
action is witnessed when cuticle is injured 
(Zool. Sci. 9, 1134 (1992)]. Cuticular 
prophenoloxidase activating enzyme (PPAE) 
was isolated by Dohke (1973) as an enzyme 
to activate hemolymph proPO. The function 
of PPAE and control mechanism of its 
activity in cuticle, however, remains to be 
studied. 

We recently succeeded in extracting 
inactive form of PPAE (proPPAE), proPO and 
activating factor(s) for the proPPAE from 
larval cuticle of the silkworm, Bombyx mori. 
ProPO in the cuticular extract was shown to 
be separated by column chromatography on 
CM=Toyopearl from the factor(s) and proPPAE. 
Ca** was necessary to activate the 
factor(s), which, in turn, activates 
ProPPAE. ProPPAE was resistant to DFP, but 
PPAE was inhibited irreversively by the 
reagent. These results indicate that proPoO 
of larval silkworm cuticle is activated 
through the action of a cascade. Our 
present findings imply that all insect 
tissues except midgut epithelium are 
surrounded by proPO cascades in hemolyph 
and cuticle. 


PURIFICATION AND CHARACTERIZATION OF 
CELLULARIMMUNOSUPPRESSIVE FACTOR IN THE 
PLASMA OF PARASITIZED INSECT LARVAE 
Y.Hayakawa, Biochem.Lab., Inst. of Low 
Temp. Sci., Hokkaido Univ., Sapporo. 


Habitual endoparasitoid wasps are able 
to avoid or inactivate the cellular 
defenses of their host insects in some way 
and develop unmolested. Several mechanisms 
has been proposed by which the parasitoids 
can influence host immune reactions. Some 
parasitoid eggs have surface features that 
provide passive protection against 
encapsulation by host hemocytes. The 
hemocytes of other host species are 
inhibited from encapsulating parasitoid 
eggs or larvae by substances that the 
female parasitoids oviposit along with 
eggs in the host hemocoel. Despite these 
reports based on physiological studies, 
the direct causal factor eliciting such 
changes remains unknown In this study, 
a cellular immunosuppressive factor has 
been discovered in the plasma of the 
armyworm larvae parasitiyed by parasitiod 
wasps. The available data indicate that 
the factor is a proteinaceous hexamer 
composed of identical subunits of MW. 
82KDa 


A SYMBIOTIC POLYDNAVIRUS OF PARASITOID WASP, 
K.Yazaki' and Y.Hayakawa*. ' The Tokyo Metropolitan 
Institute of Medical Science, Tokyo and Institute 
of Low Temperature, Hokkaido University, Sapporo, 
Japan. 


Many species of parasitoid wasp can alter normal 
developmental process of the host insects. Develop- 
ment of the host is inhibited and often arrested in 
its larval stage, and the wasp can complete its 
larval growth before emerging from the host larvae. 
The delay of development of larvae of armyworm 
parasitised with the wasp, Cotesia kariyai, is 
caused by infection of symbiont virus of the wasp 
to the host. The virus is injected by wasp into the 
host at oviposition with venom fluid. As the result 
of the infection, a growth-blocking peptide was 
induced inthe host larvae, and the peptid gave rise 
to the developmental retardation. 

The virus was purified from the ovarian calyx 
fluid of the wasp. The virus particle identified by 
immunoelectronmicroscopy revealed that the particle 
is spherical with 200 ~250nm in diameter, and has 
envelope-like layer. The genome purified from the 
virus was closed circular double-stranded DNA of 
various elength. Electronmicroscopic and elctro- 
phoreic analysis show the virus is a polydnavirus, 
a virus which has segmented DNA as the genome. 
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CHARACTERIZATION OF COLLAGENS OF SEA ANE- 
MONE( ANTHOPLEURA ASIATICA) 


A.SATOH, K.YOSHIZATO 
Develop. Biol. Lab., Dept. of Biol., Fac. 
of Sci., Hiroshima Univ., Higashihiroshima 


Collagen is one of extra cellular matrices 
and widely distributes in the animal 
kingdom from the sponge to the human 
being. In this study, collagens were 
extracted from sea anemone(Anthopleura 
asiatica) which belongs to the Cnidarians, 
one of the lowest invertebrate, and they 
were characterized biochemically and 
immunologically. Dried whole bodies were 
subjected to the extractions with neutral 
salt solution, then acetic acid, and 
finally acetic acid containing pepsin. 
Collagen was solubilized only at the final 
step. SDS-PAGE showed that the collagen 
consists of one major Achain. This band 
was PAS-stain positive, and cross-reacted 
with the polyclonal antibodies against the 
jellyfish collagens. Tissues of sea ane- 
mone were stained by the antibodies. The 
antibodies reactive collagens were located 
only in mesoglea between the ectoderm and 
the endoderm. 


CHARACTERIZATION OF COLLAGEN OF THE STALK 
OF SEA LILIES METACRINUS ROTUNDUS 

K.Yoshizato! and S.Amamiya. 2 ERATO Morpho 
Matrix Project; 'Dept. of Biol. Sci., Fac. 
of SiG imu, Hiroshima Univ., 
Higashihiroshima. Misaki Marine Biol. 
Station, Fac. of Sci., Tokyo Univ., Miura. 


Molecules and genes of collagens are 
molecular markers characteristic to 
multicellular animals , and, therefore, 
have been targets for investigators who 
are interested in the origin and evolution 
of multicellular animals. 

Sea lilies, Metacrinus rotundus, are the 
most primitive species of Echinodermata 
and were found by the electron microscopy 
to contain collagenous fibers in their 
stalks. 

We tried to isolate and purify collagen 
molecules from the staik of a sea lily and 
to characterize them biochemically. 
Solubility of collagens in various 
solvents were tested and alpha-chain 
compositions were examined on SDS-PAGE. 
Their characters were then compared with 
those of other species of Echinodermata 
that we had reported previously. 


AN IMPROVED METHOD OF PURIFYING A 
TREHALASE FROM ARTEMIA SALINA 

Z. Nambu and F. Akiyama-Nambu 

Dept. of Biol. Univ. of Occupational 
and Environm. Health, Japan, Sch. of 
Nursing and Med. Technol. Kitakyushu. 


We have previously reported a method 
of purifying a trehalase from the post- 
mitochondrial fraction of the embryos 
and the nauplii of Artemia salina, but 
the recoverable amount of the enzyme 
was poor and the obtained enzyme was 
unstable. 

In view of fast flow of the enzyme 
in separation and in expectation of 
high yields of the enzyme, we modified 
the method in the following manner; 
acetone treatment, DEAE Sepharose FF- 
chromatography, Con A Sepharose- 
chromatography, TSKgel TOYOPEARL HW- 
55F chromatography, TSKgel G3000SW- 
chromatography, TSKgel DEAE-5PW- 
chromatography and TSKgel G3000SW- 
chromatography. The soluble enzyme was 
purified more than 5600-fold as compared 
to that in the post-nuclear fraction. 
The yield of the enzyme was 7.5 % and 
the specific activity was 150 units 
per mg protein. Further purification 
of the enzyme by the HPLC resulted in 
an apparently single band on SDS-PAGE. 
The specific activity of this most 
purified enzyme was approximately 600 
units per mg protein. 


ISOLATION. AND COMPARISON OF TWO 
PEPSINOGENS FROM GASTRIC MUCOSA OF 
BULLFROG 

T. Inokuchi’, K. Kobayashi’ and S. Horiuchi’. 

"Dep. of Biol., Fac. of Educat., Utsunomiya Univ., 
Utsunomiya, “Life Sci. Inst., Sophia Univ., Tokyo. 


Two pepsinogens were purified from gastric 
mucosa of bullfrog, Rana catesbeiana. They were 
named as pepsinogens |I-2 and Ill. Both pepsinogens 
were activated to pepsin by acid treatment. The 
molecular weight of pepsinogen Il-2 and that of 
pepsinogen Ill were estimated to be 41 and 40 kDa on 
SDS-PAGE, correspondingly. And the molecular 
weight of pepsins II-2 and Ill were estimated to be 36 
kDa. Two pepsinogens were distinct from each other 
with respect to the amino acid composition and 
NH,-terminal sequence. Antiserums of the two 
pepsinogens were produced. Anti-pepsinogen Il-2 
serum did not cross-react with pepsinogen Ill. No cross 
reaction was also observed between anti-pepsinogen 
Ill serum and pepsinogen Il-2. From the analysis of 
NH,-terminal sequence, pepsinogens II-2 and Ill were 
thought to be pepsinogen C and pepsinogen A 
respectively. Immuno-histochemical studies confirmed 
that the two pepsinogens were present in glandular 
cells in stomach and esophagus. 


14 Biochemistry 


ANALYSIS OF CALPAIN FUNCTIONS IN 
EPIDERMOID CARCINOMA KB CELLS BY cDNA 
TRANSFECTION. 
W.Harigaya!, T.C.Saido!, S.Nagao!3, Y.Miyata2, 
Y.Saito!, H.Sorimachi*, T.Tuchiya’, K.Suzuki! 4, 
I.Yahara?, S.Kawashima!,. !Dept. of Mol. Biol., 
Tokyo Metro. Inst. of Med. Sci., Dept. of Cell 
Biol., Tokyo Metro. Inst. of Med. Sci., 3 Dept. of 
Chem., Sophia Univ., Tokyo, * Inst. of Mol. and 
Cell Biosci., Univ. of Tokyo 

Calpains, calcium-activated cysteine protease 
ubiquitously present in animal cells, consist of 
two subunits (80K and 30K) and two distinct 
isozymes (- and m-types) that require different 
concentrations of calcium ion for activation have 
been identified. To investigate the intracellular 
functions of the y-type isozyme, we have 
established KB cell clones overexpressing the 
protease by cDNA transfection. One of the clones 
(KB-TF5) expressing 2-7 times larger than the 
control clones transfected with the vector only 
was thoroughly examined. This clone, like other 
transfectants, showed distinct morphology 
characterized by flattening and stretching under 
certain conditions while growing more slowly 
than the control clones. Our observation 
indicates that sw-calpain may play a role in 
regulation of cellular morphogenesis. 


ACTIVATION OF CYSTEINE PROTEINASE OF 
THE SILKMOTH, BOMBYX MORI II 

S.Y.Takahashi and Y.Yamamoto. Dept. of Biol., 
Fac. Liberal Arts, Yamaguchi Univ., Yamaguchi. 


When an acid cysteine proteinase, which had 
been purified from the eggs of silkmoth, 
Bombyx mori, was incubated at pH 3.6, enzymatic 
activity appeared after a few minutes lag 
period, indicating that the purified cysteine 
proteinase was a latent form. SDS - 
polyacrylamide gel electrophoresis showed 
that after the incubation the latent form 
of the enzyme (47 kDa) disappeared and the 
active (39 kDa) form of the enzyme appeared, 
suggesting that the latent form was processed 
to the active form under acidic conditions 
of pH 3.6. The NH,-terminal 22-residue 
sequence of the active form was determined. 
The conversion of the latent form to the 
active form was completely blocked with 
E-64 which is a specific inhibitor of cysteine 
proteinases. The results strongly suggest 
that the processing might be autocatalytic. 


AN ACID CYSTEINE PROTEINASE OF THE 
SILKMOTH, BOMBYX MORI: SITE OF SYNTHESIS 
AND PRIMARY STRUCTURE 

Y.Yamamoto’, A.C.Suzuki? and S.Y.Takahashi?. 
‘Dept. of Biol., Fac. Liberal Arts, Yamaguchi 
Univ., Yamaguchi, *Dept. of Biol., Keio Univ., 
Yokohama. 


A cysteine proteinase has been found in 
silkmoth eggs, whose properties are similar 
to mammalian cathepsins. Enzyme activity 
in the ovary increased abruptly 5-6 days 
after larval-pupal ecdysis. Activity in 
the mature ovary is quite high, and high 
activity is maintained throughout embryonic 
development. In a previous paper, we 
reported that the enzyme was synthesized in 
the ovary. To define the site of synthesis 
in more detail, follicle cells were isolated 
from ovaries and cultured in **C-amino acid 
containing medium. Isolated follicle cells 
synthesized and secreted cysteine proteinase 
into the medium. Immunohistochemistry 
also showed that the major site of synthesis 
is the follicle cells. A cDNA clone for 
the cysteine proteinase has been isolated 
and sequenced. The deduced amino acid 
sequence shows that the proteinase has a 
high degree of amino acid sequence homology 
with papain and other cysteine proteinases 
and amino acid residues around active sites 
Cys-25 and His-159 (papain numbering) are 
highly conserved. 


BEIGE (CHEDIAK-HIGASHI)MICE EXPRESS NEUTROPHIL ELASTASE 
AND CATHEPSIN G ACTIVITIES IN IMMATURE BONE MARROW 
NEUTROPHILS AND ABSENT IN MATURE MARROW NEUTROPHILS. 


K. H. Takeuchi! »2, M, P. McGarry2 and R. T. Swank2, 'Hokkai- 
Gakuen Univ., Sapporo, 2 Roswell Park Mem. Inst., N.Y., U.S.A. 


The Chediak-Higashi Syndrome (CHS) is a genetic disease that 
occurs in humans, cows, cats, mink, whales and mice. In beige 
mice, which express most of the characteristic features of 
human CHS, we have recently found that mature neutrophils 
isolated from either blood or the peritoneal cavity are highly 
deficient in both elastase and cathepsin G activities (Takeuchi 
et al., J. Exp. Med. 163: 665, 1986). As is known, neutrophils 
undergo progressive development and differentiation in bone 
marrow from the primitive myeloblasts before becoming 
mature neutrophils. Mature neutrophils are stored in bone 
marrow before release into the circulation. To investigate 
whether elastase and cathepsin G in neutrophils from beige 
mice are missing at all levels of neutrophil maturation, 
enzyme activities were examined by an enzyme histochemical 
technique using naphtho! AS-D chloroacetate as substrate 

with combination of the specific inhibitors to each proteinase. 
Early neutrophil precursors including myeloblast, promyelocyte 
and myelocyte in beige express near normal levels of enzyme 
activity, although there was a slight (7%) but significant 
lowering of activity in beige metamyelocytes. In beige marrow, 
however, a large decrease in activity was detected between the 
metamyelocyte and PMN stages. PMNs of beige marrow 
demonstrated 23% of the activity of normal PMNs. Thus, we 
conclude that beige neutrophil precursors express neutral 
proteinase activity, which is largely and irreversibly depleted 
by presumable cause of post translational protein modification 
of both enzymes by the time they fully mature in marrow. 
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IN VITRO PHOSPHORYLATION OF RAT SEPIAPTERIN 
REDUCTASE. 
S.Katoh!, T.Sueoka', Y.Yamamoto? and S.Y. 
Takahashi?. ‘Dept. of Biochem., Meikai Univ. 
Sch.of Dent., Sakado, *Dept. of Bioi., Fac. 
of Lib. Arts, Yamaguchi Univ., Yamaguchi. 
Sepiapterin reauctase (SPR) catalyzes the 
direct formation of tetrahydrobiopterin (BH4) 
in its biosynthetic process in animals. it 
is well known that BH4-requiring enzymes 
such as tyrosine hydroxylase and tryptophan 
hydroxylase, the late-limiting enzymes for 
the formation of monoamines, are regulated 
in their functions by phosphorylation. We 
have found that SPR was also phosphorylated 
by plural protein kinases in vitro. 
Rat SPR (rSPR) consists of two homogeneous 
subunits of 28 kD. After the purified rSPR 
was incubated with [Y-°?P] ATP in the system 
of protein kinase, *?P incorporation into 
SPR subunit was observed by autoradiography: 
Ca?+/calmodulin-dependent protein kinase II 
(CaM-KII) and protein kinase C (PKC) were 
effective, but cyclic nucleotide-dependent 
protein kinases of PKA and PKG were invalid. 
SPR was a good substrate for CaM-KII 
compared with casein. Maximal incorporation 
of *?P into rSPR was 3.05 and 0.74 mol/mol 
subunit by CaM-KII and PKC, respectively. 
The value by CaM-KII coincided with the 
number of site consensus sequence [R-X-X-S*] 
for CaM-KII in rSPR subunit. 14-3-3 protein 
purified from rat _ brain, a specific 
activator protein of phosphorylated tyrosine 
hydroxylase, showed a modest modification in 
the activity of phosphorylated SPR by CaM- 
KII. 


A METMYOGLOBIN REDUCING FACTOR: ISOLATION 
AND IDENTIFICATION 

M.Kariya and H.Namiki. 

Dept. of Biol., Sch. of Educ., Waseda Univ., Tokyo 


We previously reported beef heart muscle was found 
to contain a NADPH-dependent metmyoglobin (metMb) 
reducing factor, different from the known metMb 
reductase. The isolation, purification, characterization, 
and identification of this reducing factor was attempted in 
the present study. 

The factor was separated between m.w.1000 and 
3000, by ultrafilterations. The crude sample was then 
applied to a HPLC column of anion exchanger and 
fractionated. The metMod reducing factor was separated 
in one fraction appearing a single peak. After 
confirmation of the isolation by a HPLC column of size 
exclusion and others, we proceeded biochemical assays, 
mas spectrum analysis, infrared spectrum analysis, and 
NMR analysis of the factor. As the results, this reducing 
factor was a nucleic acid like substance which contained 
base, sugar, and phosphoric acid. 


APLYSIA METMYOGLOBIN CANNOT BE 
CONVERTED TO THE FERRYL-FORM WITH 
HYDROGEN PEROXIDE: A COMPARATIVE STUDY. 


°Gen-ichi TAJIMA, Ariki MATSUOKA, Keiji SHIKAMA 
Biol. Inst., Fac. of Sci., Tohoku Univ., Sendai. 


Metmyoglobin reacts with hydrogen peroxide to form ferryl- 
myoglobin, which can revert back spontaneously to the met- 
form. This cyclic reaction of myoglobin between metMD(III) 
and ferryl-Mb(IV) seems to be of physiological significance, 
since hydrogen peroxide, one of the most potent oxidant in 
vivo, can be decomposed through this reaction continuously 
in red muscle tissues in the absence of catalase and peroxidase 
( Tajima and Shikama, 1992). In the formation of ferryl-Mb, 
two electrons must be supplied to H,O, from both the heme- 
iron(III) and the protein moiety. 

However, in myoglobins lacking the usual distal histidine, 
such as those from Aplysia kurodai and African elephant, the 
met-form cannot be converted to ferryl-Mb with H,O>, but 
can do with chloroirndate, a single electron oxidant. These 
results suggest that the distal histidine plays an important role 
in the second electron transfer, probably from the protein 
residue(s). 

Tajima, G. and Shikama, K. (1992) Int. J. Biochem. 25, 101-105. 


CHARACTERIZATION OF SOLUBLE VITELLIN 
BINDING PROTEIN FROM OVARY OF LOCUSTA 
MIGRATORIA. 
N.Shinya and K. Yamasaki. 
Dept. Biol Tokyo Metropol. Univ. Tokyo. 
Soluble vitellin binding protein (s— VBP) that 
formed complex with vitellin and 1s supposed to be 
responsible for highly condensation of the protein 
in yolk. F  , the active portion of s—VBP was prepar- 
ed by the method including proteolysis. The Fs was 
suggested to be lipid containing substance from sol— 
ubility tests for several organic solvent systems. For 
instances, F s was freely soluble for higher concentra— 
tion (90%) of aqueous methanol or ethanol, however 
hardly soluble for absolute these organic solvents. So, 
the lipid components of F s were analysed. After 
methanolysis, wax—like precipitats were released 
from F » and the insoluble matelial was over 30 % of 
F » . Results GC—MS analyses suggest that the pre— 
cipitats containes mainly strait chain saturated hydro— 
carbons from C23 to C33. F » fraction was active for 
specific binding with vitellin and the molecular size 
was estimated about 2KDa. From these and other 
observations, it was suggested that s— VBP molecule 
was modified with long chain alkyl or related groups, 
such as reported with G—protein subunits. 
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EFFECTS OF Mg AND Ca ON THE OXYGENATION 
FUNCTION OF ERYTHROCRUORINS FROM THE 
POLYCHAETE ARENICOLA MARINA AND THE 
OLIGOCHAETE LUMBRICUS TERRESTRIS. 

T.Ochiai!, R.E.Weber?. 'Dept. of Biology, Fukushima Med. 
Coll., Fukushima, Japan and ?Dept. of Zoophysiology, Univ. 
of Aarhus, DK-8000 Aarhus C, Denmark. 

Oxygenation function of annelid erythrocruorin (Er) is 
affected by Mg and Ca concentrations in the blood. Four 
classes of responses may be encountered in different 
species: 1)Mg=Ca (equal effects), 2) Mg>Ca, 3) Mg<Ca and 4) 
no effect. We investigated the effects of Mg and Ca on the 
oxygenation function of the Er from the marine polychaete 
Arenicola marina and the terrestrial oligochaete Lumbricus 
terrestris at physiological pH and 20°C. In Arenicola, Mg 
and Ca exerted equivalent effects in increasing oxygen affinity. 
As measured from the slope of Alog P../Alog [Cation] the 
effect of Mg was larger than that of Ca at the physiological 
concentration of respective ion (55 mM Mg; 10 mM Ca). The 
Ng Value was similar in the presence of both cations (pH 7.0) 
or higher for Mg (pH 7.6). In Lumbricus, Ca was more 
effective than Mg, in raising oxygen affinity, also at the 
physiological concentration (5-8 mM Mg; 2-4 mM Ca) and ny 
was similar for Mg and Ca (pH 7.0) or higher for Ca (pH 7.6). 
These results reveal that Arenicola and Lumbricus belong to 
classes 1) and 3), respectively, and that the oxygenation 
functions of both Ers may be controlled by effective utilization 
of the dominant divalent cations Mg and Ca. 


THE AMINO ACID SEQUENCE OF VITELLINE COAT- 
LYSIN OF JAPANESE ABALONE, HALIOTIS DISCUS. 
Y. Yamakami and K. Haino-Fukushima. Dept. 
of Biol., Fac. of Sci., Tokyo Metropolitan 
Univ., Hachioji. 


The vitelline coat(VC) lysin of Calif- 
ornian red abalone(Haliotis rufescens) can 
lyze the vitelline coats of only the same 
species, but the VC lysins of four Japanese 
abalones have no species-specificity on the 
lytic action. It seems that there is a 
relationship between the species-speci- 
ficity on the VC lysis of abalones and the 
amino acid sequences of their lysins. The 
amino acid sequences of the VC lysins of 
seven Californian abalones have already 
been determined from their cDNA sequences, 
but those of the Japanese abalones have 
not been done yet. 

In this study, the VC lysin(15.5K) of 
Haliotis discus, one of the Japanese abal- 
ones, was purified from the soluble fract- 
ion released from the sperm acrosomal vesi- 
cles by the method of Haino-Fukushima and 
Usui. The amino acid sequence of the VC 
lysin was determined by the analysis of ten 
peptides obtained by endoprotease Lys-C 
digestion and several fragments obtained by 
cyanogen bromide degradation and Staphylo- 
coccus aureus protease digestion of the 
protein. The determined sequence showed 
the resemblance to those sequences of 
Californian abalone lysins. 


PURIFICATION OF A HEPARIN-BINDING GROWTH 
FACTOR FROM SWIM BLADDER OF PORGY. 

T. Suzuki and T. Kurokawa. Div. of 
Nutrition, Natl. Res. Inst. of 
Aquaculture, Watarai-gun, Mie. 


Extracts of various organs from porgy 
(Pagrus major) were screened for growth 
factor activity. The swim bladder extract 
of porgy exhibited strong growth factor 
activity with BHK cells; it maximally 
increased the number of cells in medium 
with 0.5% FCS three-fold in two days. Most 
of the activity adhered to heparin- 
Sepharose column and was eluted with 1.2 - 
1.4 M NaCl. A 24 kda protein was highly 
condensed in the adsorptive fractions, 
which also contained less condensed 
proteins above 30 kda. The 24 kda protein 
was then efficiently isolated by Superose 
12 size exclusion chromatography. The 
protein stimulated the growth of BHK cells 
in a dose-dependent manner. Thus, swim 
bladder derived growth factor was isolated 
in a homogeneous state. It stimulated the 
growth of both fibroblastic and endothelial 
cells and exerted mesoderm inducing 
activity in animal cap assays with Xenopus 
blastulae, suggesting that it is a member 
of fish FGFs. 


SELF-ASSEMBLY _ ACTIVITY OF SYMBIONIN, 
A MOLECULAR CHAPERONE. 


M. Morioka and H. Ishikawa. Zool. Inst., Fac. of 
Sci., Univ. of Tokyo, Tokyo. 


Aphid endosymbionts, when housed in the bacterio— 
cytes, selectively synthesize a stress protein termed 
symbionin. Symbionin, a homologue of Escherichia 
coli GroEL, which functions as a molecular chaperone 
in the aphid endosymbiont, exists as a tetradecameric 
Gene homo-oligomer of 63—-kDa subunits. 

The oligomeric symbionin is chemically more 
unstable than the 14—mer GroEL and completely 
dissociated into monomeric (1—-mer) components in 
the presence of 3M urea. When 1—-mer symbionin was 
incubated in the presence of Mg—ATP, its reassembly 
proceeded hyperbolically with time. The reassembled 
symbionin not only had the same molecular mass as 
that of native symbionin (880kDa) but also exhibited 
the ATPase and phosphotransferase activity, 
suggesting that the correct higher-order strucutre was 
restored autogenously. Despite its close similarity to 
GroEL, symbionin was different from the latter in that 
its self-assembly was not accelerated by the presence 
of the native 14—mer molecules. On the other hand, it 
was markedly stimulated by the reassembled 14—mer 
molecules, which suggests that native symbionin 
contains Earionenteh inhibitory to its chaperonin 
activity. Just as in the case with the self-assembly o 
GroEL, that of symbionin was stimulated by the 
presence of GroES. 


GLUTAMINE METABOLISM IN THE APHID 
MYCETOCYTE. 

T. Sasaki and H. Ishikawa Zool. Inst., Fac. of Sci., 
Univ. of Tokyo, Tokyo 


The intracellular symbionts in the mycetocyte of 
aphids play important roles in the nitrogen 
metabolism of the host insects. Recently, we 
suggested that in this symbiotic system ammonia, an 
inevitable waste product of amino acid metabolism, 
is detoxified pnmarily by assimilation into glutamic 
acid in the host's tissues, and the resulting glutamine 
is reutilized by the symbionts. 

In the present study, we investigated the uptake of 
14C-slutamine by mycetocytes and symbionts 
isolated from the insect. While the isolated 
mycetocytes actively took up glutamine, the 
symbionts isolated there from did not, and instead 
took up glutamic acid actively. We also analyzed the 
content of free amino acids in the hemolymph of the 
insect and in the mycetocytes. In the hemolymph, 
glutamine was a major amino acid constituent. 
Mycetocytes contained little glutamine but an 
appreciable amount of glutamic acid. These results 
suggested that glutamine absorbed into the 
mycetocytes is rapidly hydrolyzed into glutamic 
acid and ammonia which are utilized by the 
symbionts. 


PHOTO-ACTIVATION OF NADH CYTOCHROME C 
REDUCTASE IN SPERM OF OYSTER, SEA URCHIN 
AND ECHUROID. 

E. Tazawa', A. Fujiwara? and I. Yasumasu?’. 
‘Biol. Inst., Yokohama City Univ., 
Yokohama and 7Dept. of Biol-., School of 
Education, Waseda Univ., Tokyo. 

In oyster, sea urchin and echiuroid, 
homogenate of sperm exhibited, photo- 
activation of NADH cytochrome c reductase 
with peaks of activating effect at 430, 
530 and 570nm, corresponding to the peaks 
in absorption spectrum of reduced 
cytochrome b . Sperm of sea urchin and 
echiuroid showed photo-reaction of 
CO-inhibited respiration with peaks at 
these wave lengths but CO-inhibited 
respiration in oyster sperm was not 
reactivated by light irradiation. 
Photo-reactivation of CO-inhibited of 
cytochrome c oxidase with peaks of 
reactivating effect at 340, 570 and 590 
occured in oyster sperm in the same manner 
photo-reactivation of CO-inhibited 
respiration in sperm of sea urchin and 
echiuroid. At present, we assum that 
electron-transport to cytochrome b is 
blocked py CO in oyster sperm more 
strongly than in sperm of sea urchin 
and echiuroid. 
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DETECTION OF BIOPTERIN IN THE INTEGUMENT FROM 
LEMON MUTANT OF SILKWORM BOMBYX MORI. 

T. lino’, H. Watanabe', H. Sawada’ and M. Tusue’. 

‘Dept. General Educ. Nihon Univ.Tokyo and “Biol. Lab. Kitasato 


Univ. Sagamihara. 


Tetrahydrobiopterin (BH,) is the cofactor for the 
monooxyganases which hydroxylate phenylalanine, tyrosine and 
tryptophan to the precursors of the catecholamine and indoleamine 
neurotransmitters. Sepiapterin reductase (SPR) is known to 
catalyze the last step of BH, biosynthesis. A deficiency of BH, is 
known to cause hyperphenylalaninemia leading to abnormal 
development of newborns. Three enzyme defects have been 
identified that lead BH, deficiency. However, SPR deficiency in 
newborns has not been reported, because it does not allow a 
fetus to survive. On the other hand, /emon mutant of silkworm, 
which thinks to lack SPR, has same viability as normal strain. To 
clarify this contradiction, we examined whether biopterin exsisted 
in /emon mutant or not. Thirty five grams of integument were 
homogenized with 10 vol of 50% EtOH by Warning blender. 
After the centrifugation, fluorescent substances in the supernatant 
were purified ECTEOLA-cellulose and P-Sephadex column 
chromatography, and preparative HPLC system. Consequently, 
we obtained a blue fluorescent compound which has identical 
UV spectrum and Rf values on TLC with those of authentic 
biopterin. Both SPR activity and biopterin contents were also 
analyzed in normal and /emon mutant during larval stage. 
Biopterin was detected in both strains. SPR activity could be 
detected in normal strain, however, could not be detected in 
lemon mutant under the same assay condition. Our results strongly 
suggest that BH, biosynthetic pathway which is not concerned 
with SPR exsists in /emon mutant. 


METABOLIC FATE OF 15N-AMMONIA IN THE 
MUDSKIPPER : A LONG TERM EXPERIMENTS. 

K. Iwata and M. Deguchi. Dept.of Biol., 
Fac. of Education, Wakayama Univ., 
Wakayama. 


The mudskipper (Periophthalmus modes- 
tus) has a great ammonia tolerance, where- 
as it has little potential to produce urea 
under ammonia loading conditions. In the 
present study, in order to reveal the 
metabolic fate of ammonia in the mudskip- 
per, we examined changes in incorporation 
rates of 15N-ammonia into amide-N, 
amino-N, urea-N and protein in several 
tissues with the time course of immersion 
in 15 mM 15N-ammonia sulfate solution 
(99.5 atom % ) for 1 to 7 days. In addi- 
tion, we also measured changes in concen- 
trations of nitrogenous constituents in 
tissues. Ammonia and glutamine concentra- 
tions in muscle greatly increased, and 
reached plateau levels at 4 days of 
immersion. Atom % excess in amide-N in 
muscle showed the highest(35%) among the 
tissue examined, suggesting that muscle 
waS a main site of glutamine production, 
as in mammals. Amount of 15N incorporated 
into amide-N and amino-N occupied about 
15% and 40% of the total net 15N gain in 
the fish body, respectively, although atom 
% excess in amino-N (ca.5%) was. low. 
These results suggest that conversion of 
ammonia into amide- and amino-N play most 
important roll in ammonia detoxification. 
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THE SOURCES OF CARBON FOR 
PHOTOSYNTHESIS AND CALCIFICATION IN A 
CORAL Stylophora pistillata. 

H.Yamashiro. Radioisotope Lab., Univ. of the Ryukyus, 
Okinawa 


Reef building corals deposit calcium carbonate 
skeletons using calcium and carbon from ambient sea 
water. However, accurate estimate of carbon sources 
is still unknown because there are two pathways of 
carbon materials: (1)direct transport from sea water 
and (2) indirect transport via respiratory carbon which 
is initially fixed by photosynthetic activity by the 
endosymbiotic algae called zooxanthellae. To 
separate these two pathways, coral calcification was 
blocked by a specific inhibitor of calcification, 1- 
Hydroxyethylidene-1,1-diphosphonic acid (HEDP). 
HEDP strongly inhibited calcification, however, did not 
affect the rate of carbon uptake of algal 
photosynthesis. After washing unincorporated 
inorganic radiocarbon, the fate of photosynthetically 
fixed carbon both into soft tissues or into skeleton was 
measured. Incorporation of photosynthetically fixed 
carbon into coral skeleton was less and slower than 
that of carbon which was directly transported from 
seawater. Results show that carbonate materials in 
coral skeleton are supplied by (1) rapid and direct 
transport from seawater and by (2) slow and indirect 
transport via photosynthesis-respiration route. 


TWO MULTIFUNCTIONAL PROTEINS IN TETRAHYMENA 
14-NM FILAMENT PROTEIN AND EF-1ia 

O. Numata, A. Yamazaki, T. Takeda, Y. Kura- 

sawa and Y. Watanabe. Inst. of Biol. Sci., 

Univ. of Tsukuba, Tsukuba. 

The Tetrahymena 14-nm filament protein 
(14FP) is a cytoskeletal protein involved 
in pronuclear behavior during fertiliza-— 
tion. The cloning and sequencing of 14FP 
gene from a Tetrahymena cDNA library re- 
vealed that its primary structure shared a 
high sequence identity (51.5%) with porcine 
heart citrate synthase. In fact, the 14FP 
possessed citrate synthase activity and was 
detected in mitochondria. Southern blot 
analysis showed that the Tetrahymena macro- 
nuclear genome contains a single 14FP gene, 
and Northern blot analysis showed that only 
a single type of mRNA for 14FP is present 
in Tetrahymena cell. 

On the other hand, we demonstrated that 
the 14-nm filament fraction contained the 
14FP and a 14-nm filament-associated pro- 
tein (14FAP). Cloning and sequencing the 
14FAP gene from a Tetrahymena cDNA library, 
we identified the 14FAP as elongation 
factor 1a (EF-1a). Since several recent 
reports have linked EF-1a with the F-actin 
bundling proteins, we further investigated 
the in vitro interaction between the 14FAP/ 
EF-1a and F-actin. The purified 14FAP/EF-1a 
induced bundling of Tetrahymena F-actin and 
has GTP binding activity. 

These results suggest that the 14FP and 
14FAP/EF-1a are multifunctional proteins in 


Tetrahymena. 


MYOSIN HEAVY CHAIN-LIKE 180 kDa PEPTIDE 
FROM TETRAHYMENA PYRIFORMIS. 

N. Kanzawa,! O. Numata,? Y. Watanabe? and 
K.Maruyama.! 'Dept. Biol., Fac. Sci., Chiba Univ., 
Chiba, “Inst. Biol. Sci., Univ. of Tsukuba, Tsukuba. 


The primary structure of the Tetrahymena actin 
deduced from the nucleotide sequence is greatly 
divergent from those of other known actins. 
Tetrahymena actin is localized in the division furrow in 
dividing cells. On the other hand, there is no report of 
myosin that is the partner of actin to play biological 
roles. 

In the present study we report a 180 kDa peptide 
purified from Tetrahymena pyriformis using a 
monoclonal antibody against nonmuscle myosin 
heavy chain. The presence of the 180 kDa peptide in a 
total SDS extract of Tetrahymena was detected by 
immunoblot tests. The peptide was eluted as a 
dimerized form on HPLC gel chromatography, bound 
to ATP-agarose affinity column, and was localized in 
the oral apparatus of interphase cell. These 
observations strongly suggested that the peptide was a 
myosin heavy chain like protein. However, a 
cosedimentation experiment showed the peptide was 
not precipitated with skeletal F-actin. 


TWITCHIN-LIKE PROTEIN OF LUGWORM 
BODYWALL MUSCLE. 

Y. Kawamura, J. Suzuki, S. Maki, S. Kimura and 
K. Maruyama. Dept. Biol., Fac. Sci., Chiba Univ., 
Chiba. 


Twitchin is a 753 kDa protein, product of unc-22 
gene of C. elegans and is localized on the thick filament 
in C. elegans bodywall muscle. 

We have isolated twitchin-like 700 kDa protein from 
bodywall muscle of lugworm, Neanthes sp. 
(polychaeta). Extraction with 0.1M phosphate buffer, 
pH6.6 and DEAE-Toyopearl chromatography were 
effective in purification. 

Rotary-shadowed image of the isolated protein was 
a flexible rod, about 170 nm long. Circular dichroism 
spectra suggested that the secondary structure was 
largly B-sheet. Immuno-fluorescence microscopy 
using antiserum to the 700 kDa protein revealed that 
the protein was localized in the A band of the bodywall 


muscle. 
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MYOSIN FROM CRAYFISH MUSCLE 
Y. Sakurai, N. Kanzawa and K. Maruyama. 
Dept. Biol., Fac. Sci., Chiba Univ., Chiba. 


We have purified and characterized 4kinds of 
myosins from flexor (sarcomere length, 4-5 ~m), 
stretcher (3-4 1 m), claw opener (104m) and claw 
closer (10 « m ; 4 m) muscles of the crayfish. Normal 
size of sarcomeres is the fast muscle type and giant size 
is the slow muscle type. All the myosins consisted of 
some 200 kDa heavy chain and 18 and 21 kDa light 
chains. 

ATPase activity was high with flexor and stretcher 
(fast muscle) myosin and low with opener (slow 
muscle) myosin. Closer (mixture of slow and fast 
muscle) myosin showed an intermediate ATPase level. 
Stretcher myosin had 7times higher Mg**-actin- 
activated ATPase activity than opener myosin. Closer 
myosin showed 3times higher Mg?*-actin-activated 
ATPase activity than opener myosin. These tendencies 
were also observed with Ca**-activated and K*-EDTA- 
activated ATPase activities. The K--EDTA-activated 
ATPase activity was highest at 0.4 M KCl for crayfish 
myosins whereas at 0.9 M KCI for rabbit skeletal 
muscle myosin. 


ELECTRON MICROSCOPIC LENGTH OF 
CONNECTIN MOLECULE 

J. Suzuki, S. Kimura and K. Marmyama. 

Dept. Biol., Fac. Sci., Chiba Univ., Chiba. 


The elastic protein, a-connectin, of rabbit skeletal 
muscle is degraded into B-connectin(~2000 kDa) and 
1200 kDa fragment in situ. Both fragments as well as 
the mother molecule were purified and the particle 
lengths were measured with rotary shadowed specimen 
under electron microscope. 

The length of B-connectin was approximately 750 
nm. However, one end portion of many filaments was 
thick and this part was thought to be folded and 
attached to each other. When this was taken into 
consideration, the particle length of B-connectin 
became 900-1000 nm. 

a-connectin was onented by centrifugation on a 
mica and rotary shadowed, there was frequently a 1 
uum filament together with a 350 nm filament on a 
straight line. The former corresponded to B-connectin 
and the latter to 1200 kDa fragment. Both filaments 
could be split off on the mica during centrifugation. If 
so, the particle length of a-connectin may be 
approximately 1.3 um. 


CONNECTIN-LIKE ELASTIC PROTEIN IN GIANT 
SARCOMERES OF BARNACLE ADDUCTOR 
MUSCLE 

S. Maki, S. Kimura and K. Maruyama. 

Dept. Biol., Fac. Sci., Chiba Univ., Chiba. 


There are giant sarcomeres ( sarcomere length at 
rest, ~10um ) in barnacle adductor muscle. SDS gel 
electrophoresis pattem showed the presence of 3000 
kDa and 1200 kDa bands. Monoclonal antibody to 
chicken skeletal muscle connectin, SM1 reacted with 
3000 kDa protein and 3A1 reacted with 1200 kDa 
protein. The antiserum to crayfish projectin reacted 
with 1200 kDa protein. 

Immunofluorescence microscopy revealed that 
SM1-bound stripe in the I band became wider when 
barnacle muscle was stretched. This result suggests 
that the 3000 kDa protein was connectin-like elastic 
protein. On the other hand, 3A1 bound from the A-I 
junction to the inside of the A band and remained 
constant upon stretch. 


SEQUENCE OF A DOMAIN OF CONNECTIN AT 
THE I BAND OF CHICKEN SKELETAL MUSCLE 
SARCOMERES 


H.Kume,?K.Maruyama,'T.Endo,'Y.Kawamura, 
'N.Kanzawa, 'S.Kimura and 'K.Maruyama. 

‘Dept. Biol., Fac. Sci., Chiba Univ., Chiba and *Dept. 
Biol., Tokyo Metr. Inst. Med. Sci., Tokyo. 


Connectin is a 3000 kDa protein linking the Z line 
to the myosin filament (up to the M line) in vertebrate 
striated muscle sarcomeres. cDNA sequencing of the 
portion on the myosin filament show the repeated 
presence of motifs I (fibronectin type 3) and II 
(immnoglobulin C2) (Labeit et al.,1992). 

A cDNA of 4.0 kbp was cloned from a chicken 
embryo skeletal muscle cDNA library, using an 
antibody to connectin. Predicted amino acid sequence 
contained of 8 motifs I and a region homologous with 
the sequences of neurofilament H and M subunit. 
Antiserum to the fusion protein expressed in E.coli 
reacted with a-connectin but not with B-connectin. 
Immunoelectron microscopy revealed the binding of 
the antibodies to the N2 line region in the I band of 
chicken skeletal muscle. 
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BIODIVERSITY OF CONNECTIN IN PISCES 
— DIFFERENCES IN REACTIVITIES WITH 
VARIOUS ANTIBODIES 

Y. Ohtani, Y. Kawamura and K. Maruyama. Dept. 
Biol., Fac. Sci., Chiba Univ., Chiba. 


Skeletal muscles of goldfish (Osteichthyes), electric 
ray (Chondrichthyes) and lamprey (Cyclostomata) 
were compared with each other, using monoclonal 
antibodies to chicken skeletal muscle connectin, SM1 
and 3B9 and polyclonal antibodies, Pc1200. 

SM1 did not react with SDS extracts of goldfish and 
lamprey muscles, but reacted with that of ray muscle. 
The epitope to SM1 was localized in the I band of ray 
muscle as in chicken breast muscle. 

3B9 reacted with the three species of fish muscles. 
The localization of epitopes to 3B9 in goldfish and ray 
muscles were similar to that in chicken breast muscle. 
The localization of epitopes in lamprey was slightly 
different. 

Pc1200 bound to the Z line in all the fish muscles 
tested as in chicken breast muscle. 

The present work suggests that connectin molecule 
has biodiversity, variable and invariable portions in the 
primary sequence among vertebrates. 


INTERACTIONS OF CALPONIN WITH ACTIN 
AT LOW IONIC STRENGTH 

T.Kake and K.Maruyama 

Dept. Biol., Fac. Sci., Chiba Univ., Chiba. 


Calponin is a smooth muscle regulatory protein 
that interacts with actin, tropomyosin and calmodulin. 

Calponin enhanced polymerization of actin. 
This enhancing effect was observed not only at 
50-100 mM KCI but also at 10 mM KCI, where 
actin alone remained unpolymerized for some time. 
Polymerization of actin at 10 mM KCl was induced by 
5-20 % (w/w) calponin. This was monitored by 
increase in flow birefringence and checked by electron 
microscopy. Judging from that shorter actin filaments 
were formed in the presence of larger amount of 
calponin, it appeared that calponin nucleated actin 
monomers at low ionic strength. 

When actin was polymerized in the presence of 
calponin at 100 mM KCl and dialyzed against G-buffer 
(2mM Tris-HCl, pH8.0; 0.2 mM ATP; 0.1 mMCaCi2 ), 
formed F-actin was hardly depolymerized. On the other 
hand, F-actin without calponin almost completely 
depolymerized. Thus calponin-bound actin filaments 
became stable at low ionic strength. 


ULTRASTRACTURAL LOCALIZATION OF A GIZZARD 
450-kD PROTEIN IN SMOOTH AND STRIATED 
MUSCLES 
H.Nakagawa, A.G.Terasaki and K.Ohashi. 
Dept. of Biol., Fac. of Sci., Chiba Univ., 
LO} oUat y= es 
A 450-kD protein prepared from the 
chicken gizzard was injected into a rabbit. 
Anti-450-kD protein antibody was affinity- 
purified by the 450-kD protein that was 
transferred to PVDF membrane sheet. We 
examined the ultrastractural localization 
of the 450-kD protein in smooth and 
striated muscles by immnoelectron 
microscopy. Samples were fixed with 3% 
formaldehyde-PBS, dehydrated and embedded 
in LR-White. Ultrathin sections reacted 
sequentially with the affinity-purified 
anti-450-kD protein antibody and the 15 nm 
colloidal gold conjugated anti-rabbit IgG 
antibody. In smooth muscle, gold particles 
were observed at the periphery of dense 
bodies and dense plaques. Few particles 
were observed at the inner part of them. 
Gold particles were also localized at the 
periphery of Z-disks of sarcomeres. In 
skeletal muscle, some particles were 
localized on filametous structures 
projected from the lateral side of Z-disks. 
In cardiac muscle, gold particles were at 
the cytoplasmic. surface of intercalated 
disks. 


A 35-KD PEPTIDE OF CHICKEN GIZZARD SMOOTH 
MUSCLE: PURIFICATION AND LOCALIZATION. 

M. Nishimura and K. Ohashi. Dept of Biol., 
Fac. jof Sci., Chiba Univ., Chiba. 

We purified a peptide, which localized 
at the dense plaques of smooth muscle, from 
the chicken gizzard. Its apparent 
molecular weight on SDS-PAGE was 35,000. 
Myofibrils of chicken gizzard smooth muscle 
were extracted with a low salt alkaline 
solution (pH 9.4). The extract was applied 
to a DEAE-Cellulofine column and eluted 
with 50 mM NaCl. The eluent was applied on 
a hydroxylapatite column and eluted with 
a solution containing 0.35 M NaCl and 10 mM 
Tris-HCl buffer (pH 7.6). The eluent was 
fractionated by adding solid ammonium 
sulfate. The precipitate at 40% saturation 
was dissolved in a solution containing 2 M 
urea and 10 mM Tris-HCl (pH 7.6) and 
purified by Hydroxylapatite and CM- 
Cellulofine column chromatography. 
Antibody against the 35-kD peptide was 
raised in a rabbit. Membrane affinity- 
purified anti-35-kD peptide antibody was 
used for indirect immunofluorescence 
microscopy. Mechanically isolated chicken 
gizzard smooth muscle cells reacted with 
the antibody. Strongly fluorescent ovoid 
structures, which seemed to be dense 
plaques, were observed at the margin of the 
cells. 
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MOLECULAR CLONING AND EXPRESSION OF Ca?*- 
BINDING PROTEIN THAT INHIBITS MYOSIN LIGHT 
CHAIN KINASE ACTIVITY IN LOWER EUKARYOTE 
PHYSARUM POLYCEPHALUM. 

A. Nakamura?, T. Okagaki!, T. Takagi*?, T. 
Tanaka>, and K. Kohama! ‘Dept. Pharmacol., Gunma 
Univ., School of Medicine, Maebashi, *Biol, 
Inst., Fac, Sci-, Tohoku Univ., Sendai, *Res- 
Division, Saitama Red Cross Blood Center, 
Saitama. 
ee 
The plasmodia of a lower eukaryote, Physarum 
polycephalum shows vigorous cytoplasmic 
streaming by actomyosin system. Biochemical 
experiments shows that the interaction of myosin 
with actin is suppressed by ca** and the 
regulatory system of actomyosin play an 
important role. The activity of myosin kinases 
from Physarum polycephalum were quite different 
from myosin light chain kinase of vertebrate 
cell. They are independent of ca**-calmodulin and 
ca** act as a suppressor of the activity. We 
purified 38 kDa ca**-binding protein in SDS-PAGE 
which regulate phosphorylation reaction of 
myosin kinases. This ca**-binding protein inhibit 
myosin kinases activity by binding ca**t. We 
cloned cDNA encoding the ca**t-binding protein 
from Agtil library by the PCR method. The cDNA 
was encoded 355 amino acid residues with 
theoretical molecular weight of 40,508 and has 
two EF-hand structures. This protein has low 
homology with calmodulin or other ca**—binding 
protein, then, we were expressed the protein by 
Dacterial expression system and compared 
expressed protein with native protein. 


IDENTIFICATION OF PROTEIN FACTORS FOR CELL 
SHAPE CHANGES IN Euglena gracilis. 

K. Murata, T. Suzaki and Y. Shigenaka. Lab. 
Cell Physiol., Faculty of Integrated Arts 
and Sciences, Hiroshima Univ., Higashi- 
Hiroshima. 


Euglena gracilis shows drastic cell shape 


changes (euglenoid movement), which is 
generated by active sliding of sub- 
pellicular cytoskeletons. Detergent- 


extracted cell models of Euglena gracilis 
showed reactivation of euglenoid movement 
upon addition of Ca* and ATP. To isolate 
force-generating factors for such cell 
shape changes in Euglena gracilis, effect 
of ionic strength on cell model 
reactivation was examined using NaCl and 
KCl. Reactivation was inhibited by 150 mM 
NaCl or 300 mM KCl. Pellicular structures 
were isolated and then treated with 150 mM 
NaCl or 300 mM KCl. As a result, two 
proteins (120k and 160k) were eluted from 
the pellicle as candidates for the 
components involved in force-generation or 
control of the shape change movement in 
Euglena gracilis. 


PHOSPHORYLATION OF MYOSIN LIGHT CHAIN IN 
FERTILIZED SEA URCHIN EGGS 

M. Mishima and I. Mabuchi, Dept. of Biology, Coll. of Arts 
and Science, Univ. of Tokyo, Tokyo. 


Myosin generates motive force of cytokinesis through 
interaction with actin filaments. ML-9, an inhibitor of myosin 
light chain kinase (MLCK), interferes with the assembly of the 
contractile ring. Furthermore, an activity that phosphorylates 
myosin light chain has been shown to change in a cell cycle- 
dependent manner. These facts suggest that cytokinesis is 
regulated by phosphorylation and/or dephosphorylation of 
myosin light chain. We examined this possibility by both in 
vitro and in vivo approaches. First, purified sea urchin myosin 
was phosphorylated by MLCK on 20 kd light chain. The actin 
activated ATPase activity was concomitantly enhanced as 
many other non-muscle myosins . Second, 20 kd light chain 
was shown to be phosphorylated by immunoprecipitation- 
technique using affinity purified anti-myosin antibodies. 


INCREASE IN HISTONE H; KINASE ACTIVITY AND 
CONDENSATION OF CHROMOSOMES IN 
UNFERTILIZED SEA URCHIN EGGSINDUCED BY 
CALYCULIN A IN AN MPF-INDEPENDENT MANNER. 
H. Tosuji! and I. Mabuchi?. 

IDept. of Biol., Fac. of Sci., Kagoshima Univ., Kagoshima, 
2Dept. of Biol., Coll. of Arts & Sci., Univ. of Tokyo, Tokyo. 


Calyculin A is known to inhibit activities of protein 
phosphatase type-1 and type-2A. Recently, we have shown 
that an increase in histone Hj kinase activity and condensation 
of chromosomes were observed in unfertilized sea urchin eggs 
when they were incubated with calyculin A. 

We show here that a p9CXShs2 (human homologue of yeast 
p13suc!)-binding fraction of extracts from the eggs treated by 
calyculin A had little histone Hy kinase activity, and no cyclin B 
was detected in it. Moreover, butyrolactone I (an inhibitor of 
cdc2 kinase) did not affect the increase in histone Hy kinase 
activity and chromosome condensation induced by calyculin A. 
However these phenomena were not observed in the presence 
of H-7, an inhibitor for C-kinase. These results suggest that 
calyculin A induced the increace in histone Hj kinase activity 
and condensation of chromosomes in the unfertilized sea urchin 
eggs in an MPF-independent manner and C-kinase takes part in 
these phenomena, probably. 


22 Biochemistry 


22S DYNEIN BINDING TO SINGLET MICROTUBULES 
—ATP-SENSITIVE AND -INSENSITIVE BINDINGS— 
J. Yasuoka and T. Miki-Noumura. 

Department of Biology, Ochanomizu Univ., Otsuka, Tokyo. 


INVOLVEMENT OF RHO PROTEIN IN THE 
CONTRACTILE RING FORMATION 


|. Mabuchi!, H. Fujimoto'!, M. Mishima’, 

Y. Hamaguchi, N. Morii3 and S. Narumiya’. 

‘Dept. of Biol., Coll. of Arts and Sci., Univ. of Tokyo, 
Tokyo, 2Dept. of Biol., Fac. of Sci., Tokyo Inst. 


Technol., Tokyo, and °Dept. of Pharmacol., Fac. Med., 
Kyoto Univ., Kyoto. 


Two ways for dynein to bind to microtubules, that is, 
ATP-sensitive and -insensitive bindings, were already reported. 
To analyze dynein amount with ATP-sensitive binding in the 
Microtuble-Dynein complex by addition of ATP, the following 
experiments have been undertaken. 


Sand dollar eggs were microinjected with C3 
enzyme, an exoenzyme from Clostridium botulinum 
that specifically ADP-ribosylates and inactivates rho 
proteins. C3 microinjected during nuclear division 
interfered with cleavage furrow formation. No actin 
filaments were detected in the equatorial cortical 
layer of these eggs by rhodamine-phalloidin staining. 
When microinjected into furrowing eggs, C3 rapidly 
disrupted the contractile ring actin filaments and 
caused regression of the cleavage furrows. C3 had 
no apparent effect on nuclear division. By contrast, 
C3 exoenzyme did not affect the organization of 
cortical actin filaments immediately after fertilization. 
Only one protein (MW 22,000) was ADP-ribosylated 
by C3 in the isolated cleavage furrow. This protein 
co-migrated with ADP-ribosylated rho A derived from 
human platelets when analyzed by two-dimensional 
gel electrophoresis. These results strongly suggest 
that a rho-like protein is selectivily involved in the 
organization of the contractile ring. 


Addition of Tetrahymena ciliary 22S dynein to porcine 
brain microtubules resulted in formation of the Microtubule- 
22S Dynein complex. By addition of ATP to the complex, 
dissociated 22S dynein was separated immediately and applied 
to SDS-polyacrylamide gradient gel electrophoresis to measure 
band density of the dissociated dynein. The specimens were 
further incubated for various periods, and recovery of dynein 
rebinding to the microtubules were examined by density 
measurement and observation under the electron microscope. 

The present experimental results may indicate that most of 
the 22S dynein in the complex was bound to microtubules in 
ATP-sensitive fashion. 


EVIDENCE FOR ASSOCIATION OF GANGLIOSIDE (GM2) 

WITH MICROTUBULES OF TAY-SACHS CELLS 

‘H. Hosoya, °M. Kotani, *T. Tai, *K. Yazaki. 
and *H. Sakuraba. 'Dept.Biol.Sci.. Fuc.Sci., 
Hiroshima Univ., Hiroshima 724, JAPAN and 
?Tokyo Metro. Inst.Med.Sci., Tokyo 113, JAPAN 


ELECTROPHOLETIC ANALYSIS OF OUTER 
ARM DYNEIN FROM PARAMECIUM 

T. Ogawa and M. Noguchi. Dept. of Biol., Fac of 
Sci., Toyama Univ., Toyama. 


Larsen et al. (1991) and Walczak et al. (1993) 
showed that outer arm dynein isolated from 
Paramecium is a three headed flower-bouquet 
structure. However, they have reported that outer 
arm dynein shows only two major bands in the 
high molecular weight region on gels. Probably, 
one of the bands is a doublet. In this study, 
using SDS-urea-PAGE (3-5% acrylamid gradient 
with 4-8M urea and 0-15% glycerol gradient), we 
succeeded in a fine separation of three heavy 
chains of outer arm dynein from Paramecium. 
The heavy chains were designated a, B, and y in 
order of increasing mobility. We observed that 
B-heavy chain had a tendency to be detached from 
22S a-y dimer during a sucrose density gradient 
centrifugation and also during a native gel 
electrophoresis. 

Cilia of Triton-glycerol-extracted Paramecium 
lose their reorientation response to cAMP and 


Gangliosides are generally considered to be 
present only on the surface of plasma 
membranes and to participate in surface- 
related cellular activity. Here our immuno- 
histochemical studies using Tay-Sachs cells 
showed that monoclonal antibody against 
ganglioside GM2 labelled not only intracelluar 
small vesicles and plasma membranes, but also 
microtubules in the cytoplasm. To confirm 
this, cytoplasmic microtubules were isolated 
from Tay-Sachs cells by using taxol. GM2 was 


detected in the isolated microtubules. Also 


our preliminary results showed that ganlioside 
-binding components in microtubules are MAPs 
(MAP2) and tubulin. 


suggest the important intracellular function 


The present data 


(s) of cytoplasmic ganglioside. 


Ca” by tryptic or chymotryptic treatment in the 
presence of 30% glycerol. We found that not only 
a— but also B—-heavy chain band disappeared in 
the SDS-urea-PAGE after these treatments of 
axonemes. 
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BACULO-EXPRESSED DYNEIN BETA HEAVY 
CHAIN 

K. Ogawa!, K. Muraiso!, T. Shimizu2, and Y.Y. 
Toyoshima3. !Natl. Inst. for Basic Biol., Okazaki, 
2Natl. Inst. of Biosci. and Human-Technol., 
Tsukuba, and 3Univ. of Tokyo, Komaba. 


Homology of axonemal dynein beta heavy 
chain with cytoplasmic dynein heavy chain is 
observed within the carboxy-terminal two-thirds of 
the proteins, suggesting that this region is the motor 
domain of dynein. We constructed two single 
cDNAs encoding the full size dynein beta heavy 
chain and another the plausible motor domain from 
6 overlapping clones. They were ligated to transfer 
vector pVL1392 and expressed in BaculoGold 
system. As a first step, we examined whether 
Baculo-system could express a very large 
polypeptide such as dynein heavy chain (512kDa) or 
its motor domain (360kDa). From the western 
blotting of the products probed with antibodies, we 
confirmed that these huge polypeptides were 
actually produced by this system. 


A NEW IN VITRO MOTILITY ASSAY SYSTEM USING 
RECOMBINANT DNA TECHNIQUE. 

Yoko Y. Toyoshima, Masaki Edamatsu & Kazuo Sutoh. 
Dept. of Pure & Applied Sci., Coll. of Arts & Sci., Univ. of 
Tokyo, Tokyo 


In studying the molecular mechanism of force 
generation by motor proteins using in vitro motility 
assay, it would be desirable to hold motor proteins on a 
substrate at a specific site. We have engineered the 
gene of kinesin head to incorporate such a site. 

A cysteine residue was introduced at the C- 
terminus of kinesin head. To enhance the reactivity, 
lysine and arginine residues were inserted before the 
cysteine. The modified polypeptide was expressed as a 
GST-fusion protein in E. coli, separated from GST by 
thrombin digestion and purified to homogeneity. 

The incorporated cysteine residue was labelled 
specifically with biotin-maleimide. The biotinylated 
kinesin head was reacted with avidin, and bound to 
biotinylated BSA on a glass slide. 

The kinesin heads tethered in this configuration 
moved microtubules at ~0.8 pm/s. This speed is 
comparable to that of native kinesin and 10 times faster 
than that reported for the kinesin head assayed as a 
GST-fusion protein (Stewart et a/. 1993), Since our 
engineered kinesin head did not support movements if 
not biotinylated, these results indicate that they were 
tethered to glass surface at the cystein residue. 

Thus, this new assay system is useful for examining 
the motility of expressed proteins. We are currently 
applying this system to other microtubule motor 
proteins. 


SUBCELLULAR LOCALIZATION OF PROTEASOMES IN 
SPERM FLAGELLA 

-Inaba~, S.Morisawa“ and M.Morisawa-. 
Misaki Marine Biologaical Station, Univ. 
Tokyo, “St. Marianna Univ. 


We have previously shown that proteases 
are involved in sperm motility in salmonid 
fish sperm in an ATP-dependent manner and 
multicatalytic high molecular mass protei- 
nases (proteasomes) are strong candidates 
for that kind of regulators. Immunofluore- 
scence microscopy showed that proteasomes 
are located along sperm flagella. When 
flagella isolated from sperm by homogeni- 
zation was treated with 0.1 % Triton 
X-100, more than 90 % of proteasome acti- 
vity was extracted. In contrast, when 
intact sperm was treated with Triton X-100 
as the same manner as the procedure for 
preparing Triton-model of sperm, more than 
60 % of the activity was still retained in 
flagellar axoneme. Electron microscopy of 
demembranated sperm showed that some 
membranous structures were attached to 
axoneme through unique structure extended 
from axoneme. Immunoelectron microscopy 
using anti-proteasome antibody revealed 
that proteasomes are located at this 
unique structure. These results suggest 
that initiation of sperm motility is 
regulated by proteasomes through 
modulation of membrane-axoneme connection. 


PROPERTIES OF MONOCLONAL ANTIBODIES RAISED 
FOR A PROTEIN COMPLEX THAT REGULATES 
FLAGELLAR MOTILITY IN SALMONIDAE SPER- 
MATOSOA. 


Z.X.Jin \ K.Manaka2, K.Inaba®, M.Morisawa®, 
H-Hayashi 0 Sugashima MBL Nagoya University, 
Toba, “Dokkyo Ikadaigaku, Utsunomiaya, “Misaki MBL, 


University of Tokyo, Misaki 


The cAMP-dependent Phosphorylation of 15k- 
protein is closely related to the initiation of flagellar 
motility of quiescent salmonid sperm cells. In order 
to obtain a large quantity of the protein, we isolated 
the protein from the testis. The protein was a 
member of a complex consisting of other proteins 
e.g. 38k-protein and 45k-protein. The complex was 
purified to near homogeneity by using conventional 
methods, The 15k-protein in the complex, as well 
as 38k-, and 45k- proteins, was able to be phosphory- 
lated in the presence of ATP and cAMP. It was 
suggested that the kinase phosphorylating 15k-protein 
was the 38k-protein. Thus, it appeared that the 
complex was made of proteins involved in the 
protein kinase cascade. Monoclonal antibodies against 
the unphosphorylated complex were prepared. Among 
them, several clones were found with inhibiting ac- 
tivity of cAMP-dependent phosphorylation of the 15k- 
protein or , in addition, the 38k-protein. The an- 
tibodies with the inhibiting activity did not interact 
with the phosphorylated proteins in the complex. 
The antibodies provide a powerful tool for the study 
of the molecular mechanisms of initiation of flagellar 
motility. 
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MECHANISM OF INITIATION OF SPERM MOTILITY 
IN SALMONID FISH -REGURATION AT BASAL PART 
OF FLAGELLUM- 

Z.Jin-, K.Jnaba®, M.Okuno3, H.Hayashil and 
M.Morisawa~. ugashima Mar. Biol. Stn., 


Univ. Nagoya, Misaki Mar. Biol. Stn., Univ. 


Tokyo, ~Coll. Atrs & Sci., Univ. Tokyo. 


Spermatozoa of salmonid fish initiate 
the motility triggering by the decrease of 
environmental K*, which causes the 


activation of cAMP-dependent protein kinase. 


A 15kDa axonemal protein have been identi- 
fied to be phosphorylated by the protein 
kinase in relation to initiation of sperm 
motility. We have prepared monoclonal 
antibodies against a 1MDa huge protein 
complex which contains the 15kDa protein. 
Two of the monoclonal antibodies recognized 
the subunits of 1MDa protein complex and 
showed strong inhibition of sperm motility. 
Immunofluorescence microscopy by using 
these monoclonal antibodies revealed that 
15kDa protein was located at the basal part 
of a flagellum. On the other hand, appli- 
cation of cAMP onto several portions of a 
spermatozoon by iontophoretic procedure 
suggests that the basal part of flagellum 
is responsible for the regulation of initi- 
ation of sperm motility. Thus, we would 
call the 15kDa protein as "motility initi- 
ating phosphoprotein (MIPP)". 


ULTRASTRUCTURAL STUDY ON FOOT-PROTEINS IN 
THREE TYPES OF INVERTEBRATE MUSCLE CELLS 

A. Matsuno, H. Kiriu and S. Nakanishi. 
Dept.of Biol., Fac. of Sci.. Shimane Univ., 
Matsue. 


Foot protein (ryanodine reseptor) is usu- 
ally observed at the interspace between t= 
tubule and sarcoplasmic reticulum (SR) in 
skeletal muscle cells. The protein is the 
regulatory gate of Ca-ion release from SR in 
those muscle cells. On the contrary, the 
protein has not been observed in brachiopods 
adductor, in molluscan adductor and body 
wall in annelids. 

We observed these muscle cells and found 
foot proteins in them. The cross striated 
muscle cells in the adductor of brachiopods 
have a small number of t-tubules surouded by 
SR, and foot proteins were observed at the 
space between two membranes. Cross striated 
muscl cells in the adductor of mollusk have 
no t=tubles. The SR systems were distributed 
at a peripheral region of the cell and had 
close contact to inner surface of the cell 
membranes. Foot proteins were observed at 
the space. Obliquely striated muscle cells 
in annelids had not any t-tubules, but had 
pin-shaped SR which touch cell membranes 
with its head and penetrate into cytoplam of 
its tail. Foot protens were observed at the 
interspace between cell membranes and SR- 
head. Foot protens observed in these muscle 
cells, were measured about 20-27 nm in dia- 
aeter. Thus, these proteins show the same 
sizes of foot proteins in previous reports. 


ISOLATION OF SARCOPLASMIC RETICULUM ON 
MOLLUSCAN ADDUCTOR MUSCLE OF Chlamys 
nobilis 

H. Ishida and A. Matusno, Department of biology, 
Faculty of Science, Shimane University, Matsue 
690. 

Triad of mammalian skeletal muscle consists of 
T-tubules and sarcoplasmic  reticulum(SR). 
Molluscan adductor striated muscle has a special 
EC-coupling structure that consists of Cell 
membranes and SR. This structure that the SR 
contact with the cell membrane directly is termed the 
peripheral coupling. 

In this study, the SR was prepared from the 
adductor muscle of Chiamys nobilis. \solated SR of 
was compared with triad of striated muscle of rabbit. 
Observation and analyzation were on the electron 
microscopical and electrophoretical view points. The 
molecular weight of Ca-pump proteins of molluscan 
SR was nearly equal to that of triads. The SR 
attaches to the cell membrane through the 
junctional feet that are Ca release channel of the SR. 
The junctional foot protein of the molluscan SR is 
different molecular weight from that of previous data 
of rabbit SR. Calsequestrin, which is the Ca-binding 
protein, exists generally in mammalian SR. 
However, our data suggested that the Ca-binding 
protein did not exist in molluscan SR. 


ELECTROPHORETIC ANALYSIS OF DROSOPHILA 
TROPOMYOSIN. 

T. Ishimoda-Takagi, R. Ono, T. Harada, M. 
Yomiya and H. Takamori, Dept. of Biol., 
Tokyo Gakugei Univ., Tokyo. 


In Drosophila melanogaster, it has been 
shown that six tropomyosin (TM) isoforms 
referred to as Ifm-TMI, Scm-TMI, mIm-TMII, 
cTm-TMII, 33 and 34 are produced by alter- 
native spicing of two TM genes, TMI and 
TMII (Storti, et al.). In the present 
study, we analyzed TM isoforms extracted 
from Drosophila melanogaster muscles by 
several kinds of two-dimensional gel 
electrophoreses. Six TM components desig- 
nated as "a" to "f" were detected in the 
two dimensional gel electrophoreses and 
immunoblotting. From mobility and tissue 
specificity of these TM components, b, 
a, c, e and £ components seemed to corre- 
spond to the TM isoforms Ifm-TMI, Scm-TMI, 
mTm-TMII, 33 and 34, respectively. The TM 
components a, b, c and d revealed retarded 
mobility on SDS gel in the presence of 
urea, which is one of general character- 
istics of TM isoforms, whereas high mole- 
cular weight TM components e and f did not 
show the anomalous mobility. The TM compo- 
nent d was detected only in the thorax 
extract. The apparent molecular weight of 
this component was indistinguishable from 
those of muscle type TM components a, b 
and c. This result might indicate that 
the d component is a novel TM isoform 
different from the cytoskeletal cTm-TMII1. 
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Purification and Properties of hagfish creatine kinase. 
Y. Yazawa, Dept. of Nutritional Physiol., Hokkaido Univ 


of Education at Asahikawa, Asahikawa, Hokkaido 


Hagfish and lamprey have increasingly become the obje- 
ct of biolgical research , largely because they are the 
extant representatives of the most primitive vertebrates. 
Creatine kinase (CK) was purified from skeletal muscle 
of hagfish with ammonium sulfate fractionation, DEAE- 
Toyopear! column chromatography, gel filtration, hydrox- 
ylapatite column, and buty! column. 

The preparation appeared to be homogeneous on SDS-PAGE. 
The MW. of 43K was estimated from SDS-PAGE 86K was est- 
imated from gel filtration under physiological conditio- 
ns. According to results of amino acid analysis, CK con- 


sisted of 380 amino acids. Some biochemical properties 


will be reported. 
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CHARACTERIZATION OF ENHANCER TRAP LINE HZ 
AND ITS USE FOR IDENTIFICATION OF GENES 
EXPRESSING IN EARLY PUPAL CNS IN DROSOPHI- 
LA 


S.So, E.Kohda and H.Tsujimura. Lab. of 
Biol., Tokyo Univ. Agri. Tech., Fuchu, 
Tokyo 183, Japan. 

We are interested in molecular and 
cellular mechanisms for the alteration of 
the CNS during insect metamorphosis and 
trying to identify genes controlling the 
mechanisms by the enhancer trap experiment 
in Drosophila melanogaster. 

First we characterized the enhancer 
trap line HZ (M.Mlodzik & Y.Hiromi, 1992) 
with the pattern of stained organs in late 
8rd instar larvae. In flies produced from 
this line many organs ware stained simul- 
taneously. Brain and ventral nerve cord 
ware stained in most of the flies. Imagi- 
nal leg disks, testis, ovary, and salivary 
gland ware frequently stained. On the 
other hand, muscles and fat body ware 
rarely stained. Wing and halter discs ware 
stained in less than half the frequency of 
leg discs. Thus, this enhancer trap line 
is suitable for identifying genes express- 
ing in the CNS in late 3rd instar larvae. 

We selected 23 flies from about 90 ones 
in which the CNS is stained in 3rd instar 
larva and are analyzing them. In these 
flies the CNS is stained wholly but imagi- 
nal discs are not stained except a little 
Part near the center of the leg discs. 


A ROLE OF THE BOSE GENE IN R7 
PHOTORECEPTOR INDUCTION IN DROSOPHILA 
I. Nihonmatsu, K. Hirata, R. Ueda and D. 
Yamamoto. Mitsubishi Kasei Institute of Life 
Sciences, Tokyo. 


bose is a mutation that causes loss of 
mechanosensory bristles in the adult fly. 
Genetic analysis suggested that the bose gene 
interacts with Delta, which is known to encode a 
transmembrane protein that functions as a 
ligand for the Notch receptor in the bristle 
mother cell formation (Ueda et al., unpublished). 
Flies hemizygous for bose! shows weak rough- 
eye phenotype, which results from 
overproduction of the R7 photoreceptor in some 
ommatidia. Loss-of-function bose alleles exert a 
dominant effect on mutations in the pokkun(pok) 
gene, a repressor of R7 induction encoding an 
ETS-related transcription factor (Tei et al., 1992, 
Proc. Natl. Acad. Sci. USA. Vol. 89, pp.6856- 
6860). 

For example, the mean number of R7 
contained in single ommatidia was 1.2 for 
pok!5/pok!15; + /Df(bose), contrasting to 1.0 for 
pok!5/pok!5; +/+ and 1.0 for +/+; Df(bose)/+. 
The strong genetic interaction between bose and 
pok suggests that products of these two genes 
function in the same biochemical pathway to 
prevent overproduction of the R7 photoreceptor 
in developing Drosophila retina. 


RECONSTITUTION OF CONE ARRANGEMENT ON 
THE SPHERICAL SURFACE OF THE RETINA IN 
MEDAKA FOLLOWING A CONE MOSAIC RULE 

Y. Nishiwaki1, T. Oishil, T. Morita2 and F. Tokunaga®. 1Dept. of Biol., 
Fac. of Sci., Nara Women's Univ., Nara, Dept. of Biol., Coll. of Gen. 


Educ., and 3Dept. of Earth and Space Sci., Fac. of Sci., Osaka Univ., 
Toyonaka 


OY ON AR Aa eee 
We have already developed the method for analyzing 


the arrangement of cones. Under the fluorescence 
microscopic observation, the arrangement of cones in 
the retina of the medaka was detected as the square 
mosaic by autofluorescence of cells against the 
pigment layer as a background and this mosaic 
pattern was observed in broad field as the arangement 
of two types of rows in which cones were lined up. 
We have proposed a model on the spherical surface in 
which this arrangement of cones is almost uniformal 
in the whole retina. To confirm this model we 
examined the arrangement of the rows of double 
cones (DC rows) in eyes with this method; Heads 
were sectioned in three distinct directions to detect a 
direction of each row against the axis of the body and 
then the two-dimensional patterns of DC rows could 
be rearranged on the spherical surface. The feature of 
the arrangement in our model well fitted the patterns 
found in each region of eyes. This mosaic pattern 
always keeps regular arrangement during the 
expansion of the retina with cell proliferation. These 
facts imply that retina may grow by adding new lines 
of cells to the marginal line in the peripheral region. 


BEHAVIOR OF MITOTIC APPARATUS IN BINUCLEATE 
NEUROBLASTS. 

M. Sato. Lab. of Biol., Rakuno Gakuen 
Univ., Ebetsu, Hokkaido. 

Grasshopper neuroblasts repeat unequal 
cell division along the dorso-ventral axis 
of the embryo to produce a small ganglion 
cell toward the dorsal side. After induc- 
ing binucleate neuroblasts by preventing 
cytokinesis with Cytocharasin treatments, 
the subsequent divisions were traced in 
both living and fixed materials. The 
Mitotic phase of two nuclei in the binucle- 
ate neuroblasts was strictly synchronized. 
At prometaphase, two small mitotic appa- 
rates (MA) newly formed were orientated to 
random directions. With the increase of 
the size, two MAS approached each other, 
gradually becoming parallel with the origi- 
nal division axis. The fusion of two 
spindle bodies occurred at metaphase, 
though the spindle poles remained separate. 
By overview observation, the chromosomes 
derived from the two groups were arranged 
on the equatorial plate of the fused spin- 
dle to make a circular metaphase plate. 
Generally, each of the chromosome groups 
occupied the half of the metaphase plate, 
and the edges of the groups were partly 
overlapped. At anaphase, initiation of the 
chromosome movement was accurately synchro- 
nized. These results showed that the 
polarity of cell division is maintained in 
the grasshopper neuroblasts, even when they 
contain two mitotic apparates. 
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POLARITY OF CELL DIVISION IN BINUCLEATE 
NEUROBLASTS. 
K.Kawamura. Lab. of Biol., Rakuno Gakuen 
Univ., Ebetsu, Hokkaido, ars 
In the grasshopper neuroblasts, repeated 
unequal cytokinesis along the dorso-ventral 
axis of the embryo produces a column of 
ganglion cells (GC) toward the dorsal side. 
Each neuroblast is accompanied with one or 
more cap cells (CC) on the ventral side 
surface. In GCs, equal division that is 
perpendicular to the CC-GC axis occurs only 
once in the process of neurogenesis. The 
subsequent cell division of various types 
of binucleate neuroblasts induced by 
Cytochalasin treatments and microdissection 
was traced to analyze the polarity of 
unequal cell division. Binucleate 
neuroblasts which retained sufficient 
amount of cytoplasm divided unequally in 
the original division axis, even when the 
spindle was placed or distorted to induce 
unusual condition. Pressing of the spindle 
body by a microneedle toward the GC side at 
middle anaphase induced two equal sized 
daughter cells; one on the GC-side 
contained two nuclei, while an anucleate 
cell was produced on the CC-side. The 
binucleate daughter cells of this type 
revealed equal cell division with a 
perpendicular axis to the original division 
axis of the neuroblast, just as seen in GC 
division. The results obtained suggest 
that the division polarity of the 
neuroblasts is under the control of the cap 
cells as well as karyoplasmic ratio. 


IN VITRO STUDIES ON CYTO-DIFFERENTIATION OF 
THE NEUROBLAST IN GRASSHOPPER EMBRYOS. 
E.Nagao and K.Kawamura. Biol. Lab., Rakuno 
Gakuen Univ., Ebetsu, Hokkaido. 


Insect neurogenesis starts from the 
differentiation of neuronal precursor cells 
called neuroblasts. In the present study, 
we focus our attention on the origin of the 
neuroblast differentiating from ectodermal 
cells in early embryos. For this purpose, 
we developed a system which makes possible 
to observe a thin layer of early embryonic 
ectodermal cells transversely in living 
condition. The observations revealed 
that the dividing ectodermal cells always 
protruded to the ventral surface of the 
ectodermal cell layer. The dividing cell 
pushed nuclei of adjacent cells toward the 
dorsal side. Such nucleus, which had once 
shifted dorsally, was capable of returning 
toward the ventral surface again when the 
cell itself entered cell division. The 
nuclei cf ectodermal cells repeated up and 
down movements along the dorso-ventral axis 
within a single layer. A prophase cell 
with a nucleus which lost the motility 
toward the ventral surface appeared among 
the ectodermal cells, and the bottle shaped 
cell with an immovable nucleus developed 
into the neuroblast. The loss of motility 
in the ectodermal cell nucleus is 
considered to be one of the important 
factors in the neuroblast differentiation. 


DIFFERENTIATION OF NEUROBLASTS IN EARLY 
GRASSHOPPER EMBRYOS. 

N. Yamashiki. Biology, Rakuno Gakuen Univ., 
Ebetsu, Hokkaido. = 

The earliest events in development of 

the nervous system in insect embryos 
involve the differentiation of neuroblasts. 
By using the grasshopper embryos of 6-8 
days (26°C), the segregation of neuroblasts 
from the ectodermal cell layer was observed 
by electron microscopy. The ectoderm in 
the thoracic segments consists of a single 
columnar epithelium. Two kinds of the 
intercellular junctions, adhering junctions 
and septate junctions, were distributed 
only in the cell pole region on the ventral 
Side. Microfilaments were associated with 
the adhering junction. The first sign of 
neuroblast differentiation was formation of 
a bottle shaped cell in the epithelium. 
The nucleus was situated in the bottom of 
the cell, while the junctions on the 
cytoplasmic process remained among the 
epithelial cells. Several small blebs 
protruded toward the ventral surface from 
the cytoplasmic process. The cytoplasm was 
rich with microtubules running parallel to 
the longitudinal axis of the process. A 
constriction was formed around the 
microtubules near the tip of the process, 
followed by the disappearance of the 
junctions. With the withdrawal of the 
cytoplasmic process, the young neuroblast 
assumed a hemispherical shape. 


CHRONOMETRICAL ISOLATION OF MITOTIC 
APPARATUS DURING MATURATION DIVISION AND 
EARLY CLEAVAGE OF TUBIFEX-EGGS (AQUATIC 
OLIGOCHAETE, ANNELIDA) - 

M- Matsumoto. pept. oi piol., pac. ol gci., 
yanagata yniv., yamayata. 


yolky exes oi 7. hattai were Itreed trom 
tuelr cocoons in Lenmannts solution . tne 
vitelline iembrane ana egg cortex ol tne 
iresh eggs were ruptured and yolk ~ranules 
were dispersed in a petri disn containing 
em glycerol. phe opaque core ot she exy was 
transierred to isolation medium. tne mi- 
totic apparatus was glued on a slide glass, 
and stained. at Y5! alter tne Lirst defor- 
mation movement, wnicn occurs at tne same 
time as the rormation of the 1st polar 
body, tne chromosomes ot 2nd maturation 
division become aligned on the metaphase 
plate. However, during prometapnase eacn 
Sister cnromatid ot one cnromosome was 
under the iniluence ot a pulling rorce 
directed towara tne pole tnat tney laced. 
wonen tne second detormation movement 
associated with extrusion oi tne end polar 
body occurs, daugnter cnromosomes became 
Karyomeres. altnougn tne lormation oi mono- 
astral spindle was observed in the 1st 
cleavage, during tne end cleavage larger 
op vlastomere showed a typical ampniastral 
structure and a smaller ap blastomere 
anastral spindle. cnronometrical analysis 
OL tne beginning ol anapnase in 2nd cleav- 
age revebled tnat cnromosomes or ap blasto- 
mere may start anapnase movement as much as 
4O minutes later tnan the an blastomere,. — 
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PURIFICATION AND CHARACTERIZATION OF BRAIN 
CDC2-RELATED KINASE, CDK5. 

S.Hisanaga, T.Hosoi, K.Yamada, K.Ohsumi 
and T.Kishimoto. Lab. of Cell and Dev. 
Biol., Fac. of Biosci., Tokyo Inst. of 
Tech., Yokohama. 


cdk5, a cdc2-related kinase, 
possesses the PSSARLE sequence in the 
region corresponding to PSTAIR of p34cdc2. 
In contrast to most cdc2-related kinases 
which play roles in promoting cell cycle, 
cdk5 is expressed mainly in neurons which 
are differentiated and do not divide 
anymore. To distinguish functional 
difference between cdk5 and cdc2 kinase, 
we partially purified cdk5 from porcine 
brain using dephosphorylated NF-H as a 
substrate, characterized and compared it 
with cdc2 kinase. Most cdk5 in the brain 
extract cosedimented with microtubules. 
cdk5 was purified from the high salt 
extract of microtubule pellets by column 
chromatographies of DEAE-cellulose, 
hydroxyapatite, Superose 12 gel 
filtration, Mono Q and Protein-Pak SP. 
Purified cdk5 was composed mainly of two 
polypeptides with molecular masses of 
32kDa and 26kDa. Although cdk5 showed 
similar enzymatic properties to cyclin B- 
dependent cdc2 kinase, cdk5 was 
distinguished zon cde2 kinase by its 
binding to p13SU¢ protein and the 
reactivity to anti-p34°¢9°* antibodies. 


REQUIREMENT OF KINASE(S) ACTIVATED BY CDC2 
KINASE FOR CHROMOSOME CONDENSATION. 
A.Shimada, K.Ohsumi, E.Okumura and 
T.Kishimoto. Lab. of Cell & Dev. Biol., 
Fac. of Biosci., Tokyo Inst. of Technol., 
Yokohama. 

Although cdc2 kinase has been 
demonstrated to induce mitotic chromosome 
condensation, its molecular mechanism 
remains unclear. We examined roles of 
cdc2 kinase in chromosome condensation 
using a cell-free extract of metaphase- 
arrested Xenopus eggs that can transform 
nuclear chromatin into condensed 
chromosomes. The chromosome condensation 
in the mitotic egg extract was abolished 
by either addition of inhibitors of cdc2 
kinase, or depletion of cdc2 kinase with 
sucl beads, confirming the dependency of 
chromosome condensation on cdc2 kinase 
activity. However, when the extract had 
been preincubated with ATPyS but not ATP, 
chromosome condensation was successfully 
induced even after depriving the extract 
of cdc2 kinase activity. The chromosome 
condensation induced in the absence of 
cdc2 kinase activity was inhibited by 6- 
DMAP, suggesting involvement of kinase(s) 
other than cdc2 in chromosome 
condensation. Thus we conclude that the 
major role of cdc2 kinase in chromosome 
condensation is to activate chromosome 
condensing factor(s) including kinase 
activity. 


CELL CYCLE DYNAMICS OF CYCLINS A AND B 
DURING MEIOTIC AND EARLY CLEAVAGE CYCLES 
IN STARFISH. 

°K.Tachibana, T.Okano, T.Sekiai, K.Ookata, 
and T.Kishimoto. Lab. Cell Dev. Biol., 
Tokyo Inst. Technol., Yokohama. 

Both the cyclin A/cdc2 complex and the 
cyclin B/cdc2 complex are key regulators 
of M-phase in all eukaryotic cells, 
although their distinct role is not well 
understood. We cloned a cDNA of starfish 
cyclin A, in addition to cyclin B, from an 
egg cDNA library. The isolated clone had 
an insert of 3065 bp and an open reading 
frame encoding 445 amino acid residues. 

We raised an antibody against bacterially 
produced starfish cyclin A, and compared 
the in vivo dynamics of cyclin A with that 
of cyclin B through starfish two meiotic 
and early cleavage cycles. Cyclin B, but 
not cyclin A, was already present in 
immature oocytes, and cyclin B-associated 
cdce2 kinase activity alone was detected in 
the first meiotic cycle. Then, both the 
cyclin A/cde2 and cyclin B/cdc2 complexes 
were involved during the second meiotic 
and cleavage cycles. The cdc2 kinase 
associated to cyclin B was regulated by 
phosphorylation/dephosphorylation of Tyr 
residue except each end of two meiotic 
cycles, while the cdc2 kinase complexed to 
cyclin A was not subjected to the Tyr- 
regulation. We suggest the cell cycle 
control mechanism which is characteristic 
to meiotic cycles. 


POSSIBLE INVOLVEMENT OF HISTONE Hl IN THE 
REGULATION OF DNA REPLICATION RATE. 
T.Horiguchi, K.Ohsumi, and T.Kishimoto. 
Lab. of Cell & Dev. Biol., Fac. of 
Biosci., Tokyo Inst. of Technol. Yokohama. 


Histone Hl subtypes specific to 
cleavage-stage embryos are known to exist 
in various animals including anuran 
amphibians. In Xenopus laevis, an H1 
subtype termed as H1X exists in nuclei in 
good temporal correspondence with the 
period when nuclear DNA is replicated at 
remarkably high rates. Thus, H1X is 
expected to play a role in facilitating 
the rapid DNA replication during the 
cleavage period. We examined roles of H1 
in DNA replication using a cell-free 
extract of Xenopus eggs that can replicate 
sperm nuclear DNA. The rate of DNA 
replication was quantitatively examined by 
the amount of incorporated radio-labeled 
dCTP into sperm nuclei in an unit time of 
incubation. We found that in the extract 
that had been depleted of H1X by using 
specific antibodies, DNA replication 
occurred at considerably slower rates than 
that in mock-depleted extract. When 
purified Hl subtypes were added to the 
H1X-free extract, DNA replication rates 
were found to differ depending on Hl 
subtypes, i.e., faster rates with H1A/B, 
typical somatic Hls, than that with H5, an 
erythrocyte-specific Hl. These results 
suggest that Hl may be involved in the 
regulation of the rate of DNA replication. 
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EFFECTS OF DNA BREAKAGE ON CLEAVAGE 
DIVISION OF SEA URCHIN EGGS. 

Y. Hamaguchi. Biological Laboratory, 
Faculty of Science, Tokyo Institute of 
Technology, Tokyo. 


In order to investigate the rela- 
tionship between chromosomes and cell 
division, the antibiotic, bleomycin, 
which is known to break DNA molecules, 
was microinjected into fertilized eggs of 
the sand dollar, Clypeaster japonicus and 
the sea urchin, Temnopleurus toreumati- 
cus. DNA was observed by fluorescence 
microscopy by treating the eggs with 
Hoechst 33342 or microinjecting with mi- 
thramycin A. The breakage of DNA mole- 
cules induced the decrease in fluores- 
cence of the nucleus and chromosomes. 

The breakage of DNA molecules inhibited 
nuclear envelope breakdown. Chromosomes 
disappeared within 1.5 min after the 
injection of bleomycin at the concentra- 
tion of 0.1 mg/ml or more in the cyto- 
plasm. Even when chromosomes disappeared 
entirely, the first cleavage occurred. 
Birefringence of the spindle decreased 
gradually during and after the disappear-— 
ance of chromosomes, which indicates that 
microtubules in the spindle were stabi- 
lized by the components other than the 
chromosomal DNA. 


PCNA DURING THE FIRST CELL CYCLE IN THE 
FERTILIZED EGGS OF STARFISH, ASTERINA 
PECTINIFERA 

A. Nomura. Dept. of Zoology, Fac of Science, Kyoto 
University, Kyoto. 

Starfish oocytes resume their maturation by 1- 
methyladenine treatment and proceed to the pronuclear 
stage without any arrest. After germinal vesicle 
breakdown (GVBD), they can be fertilized at any stage of 
their maturation. | reported that the time of DNA 
replication period (S phase) depends on the time of 
maturation stage at which oocytes or eggs are fertilized’. 

Proliferating cell nuclear antigen (PCNA) associates 
to a certain site of the nucleus during S phase and plays 
an essential roles for DNA replication. In the fertilized 
eggs of Starfish, | reported that the time of association of 
PCNA to the pronucleus also depends on the time of 
maturation stage at which oocytes or eggs are fertilized. 

Here, | determined the temporal relationship 
between the time of dissociation of PCNA from the 
nucleus and the termination of first S phase in the starfish 
eggs. | also demonstrate the three dimensional images of 
PCNA associating sites in the pronucleus, using the 
methods? of reconstructing the three dimensional images 
from the optical sections collected with confocal laser 
scanning microscope. 


1 Nomura, Maruyama, and Yoneda, Developmental Biology, vol. 143,1991 

2 the 24th annual mesting of the Japanese society of developmental 
Biologists,1991 

3 Nomura, Tanaka, and Yoneda, Developmental Biology, vol. 195,1993 


TIMING OF DNA REPLICATION PERIODS IN 
STARFISH (ASTERINA PECTINIFERA) EGGS 
ACTIVATED BY THE CALCIUM IONOPHORE. 

A. Nomura!, and S. Nemoto2. 1Dept. of Zoology, Fac. of 
Science, Kyoto University, Kyoto, Japan, 2Tateyama 
Marine Lab., Ocha-no-mizu Univ., Umi-no-Hoshi, 
Tateyama, Japan. 


In starfish, activation by the calcium ionophore 
(A23187), and suppression of polar body (PB) extrusion 
by cytochalasin B are prerequisite for production of 
parthenogenetic development. Previously, we timed the 
DNA replication periods (S phases) up to the first 
cleavage in these parthenogenetic eggs of Asterina 
pectinifera. The eggs were labeled with BrdU and the 
incorporated BrdU was detected with anti-BrdU 
monoclonal antibody. 

In the present study, we timed the S phases in eggs 
activated by A23187 without suppression of PB extrusion. 
Although these eggs do not cleave, the first S phase was 
detected in the same timing as the first S phase of 
normally fertilized eggs and parthenogenetically 
developing eggs treated with both A23I87 and 
cytochalasin B. On the other hand, the second S phase 
was detected about 20 min later than the second S 
phase of the normally fertilized eggs and the 
parthenogenetically developing eggs. This suggests that 
the centrioles left within the egg cytoplasm by the 
treatment with cytochalasin B could contribute to the 
establishment of normal periodicity of the cell cycle. 


CLEAVAGE CYCLES IN EARLY TUBIFEX EMBRYOS: 
DURATIONS AND COMPOSITIONS 
Takashi Shimizu, Biological Sciences, 
Hokkaido University, Sapporo 060 

The first cell cycle in Tubifex 
development is 3.7 hrs in length, anda 
zygote divides unequally into a smaller AB 
cell and a larger CD cell. The second 
cycle is 4.5 hrs for the AB cell and 3.7 
hrs for the CD cell. The CD cell cleaves 
to yield a smaller C cell and a larger D 
cell. Subsequent cell cycles are shortest 
in the D cell line (3.7 hrs) and longest 
in A/B cell lines (5.0 hrs); the C cell 
line exhibits cell cycles of intermediate 
lengths (4.5 hrs). Microinjection of 
embryos with BrdUTP and immunocytochemical 
detection of nuclear incorporation of BrdU 
revealed that irrespective of cell lines, 
S phase begins before the completion of 
cytokinesis and continues for about 15 min 
fdlowing its completion. This suggests 
that early Tubifex blastomeres lack Gl 
phases. The S phase of 0.5 hr is followed 
by G2 phases of different length: 2.75 hrs 
for the A/B, 2.85 hrs for the C, and 2.0 
hrs for the D cell lines. M phase is 2.0 
hrs in length for the A/B cell lines and 
1.4 hrs for the C and D cell lines. This 
difference in M phase duration is ascriba- 
ble to the difference in the lenths of 
prometaphase. It appears that during 
early development of Tubifex, some aspects 
of G2 and M phases are the limiting fac- 
tors in governing progress through the 
cell cycle. 
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MECHANISMS FOR UNEQUAL CELL DIVISION: 
THE SECOND CLEAVAGE IN TUBIFEX 
H. Takahashi & T. Shimizu, Biol. Sci 
Hokkaido Univ., Sapporo 060 

The CD cell of the 2-cell Tubifex 
embryo divides unequally into a smaller C 
cell and a larger D cell. When CD cells 
were cultured in isolation, these isolates 
divided unequally, suggesting that 
cleavage pattern of the CD cell is largely 
determined by its intrinsic factors. 
Whole-mount immunocytochemistry of microtu- 
bules showed that mitotic spindle assembly 
occurs at the region close to the cleavage 
membrane and that asters at both poles of 
the spindle develop differently. One aster 
produces symmetrically developing astral 
rays, while the other grows asymmetric 
astral rays. The latter is found closely 
associated with the cleavage membrane, 
while the former is some distance apart 
from it. When 2-cell embryos were centri- 
fuged with AB cells centrifugally, mitotic 
spindles in CD cells formed at the cell 
center, and asters at both poles of a 
spindle developed symmetrically. CD cells 
in these centrifuged embryos divided equal- 
ly. Similarly, ten-min treatment of 2-cell 
embryos with cytochalasin D (50 wpg/ml) gave 
rise to formation of symmetric spindles in 
CD cells. These results suggest that 
asymmetric assembly of mitotic apparatus 
and/or its close association with the 
cleavage membrane may be involved in gener- 
ating unequal division of the CD cell. 


07 


FACTORS CONTROLLING INEQUALITY OF THE 
FIRST CLEAVAGE IN TUBIFEX 
R. Ishii and T. Shimizu, Biol. Sci., 
Hokkaido University, Sapporo 060 

The Tubifex egg divides unequally 
into a smaller AB cell and a larger CD 
cell. We have investigated factors which 
determine inequality of the first 
cleavage in this animal. Cleavage furrow 
starts at two points of the egg's 
equator, and is first recognized as a 
shallow groove which runs meridionally. 
One groove is located at the point of 9 
o'clock and the other at 12 o'clock along 
the equator. The two meridional grooves 
gradually deepen toward the center of the 
egg, i.e. the egg axis, and eventually 
partition the egg into two parts of 
different size. Even if eggs are 
elongated to cylindrical shape, they 
divide unequally as intact eggs do. A 
mitotic spindle for the first cleavage is 
located at the center of the egg; an 
aster is present at one pole of the 
spindle but not at the other. Astral 
rays radiating from the spindle pole 
elongate during anaphase and telophase, 
reaching the cell surface; astral rays 
cover a sector of about 300°. The size 
of CD cells appears to correspond to this 
domain of astral rays. These results 
suggest that inequality of the first 
cleavage in Tubifex may be determined by 
asymmetric organization of the mitotic 
spindle poles, rather than by spindle 
position in the egg. 


EFFECTS OF CAMPTOTHECIN ON 
Sacer DIVISION IN SEA URCHIN 
E 


S. K. Satoh and Y. Hamaguchi, Biol. 
Lab., Fac. Sci., Tokyo Inst. Technol., 
Tokyo. 


The effects of camptothecin, a 
potential topoisomerase | inhibitor, on 
the first cleavage of sea urchin eggs 
were investigated. A delay or inhibition 
of the first cleavage was found at 
concentrations of 1 nM or more. When 
we treated Clypeaster and Hemicen- 
trotus eggs 10 min after insemination 
with 10 nM camptothecin, the nucleus in 
the treated zygote became 1.5 times 
bigger in diameter than in the untreated 
zygote and the first cleavage was 
delayed. Zygotes were observed after 
immunofluorescence staining with anti- 
tubulin antibodies in order to determine 
the effects on the morphology of the 
mitotic apparatus. We found that the 
mitotic apparatuses of treated and un- 
treated eggs were about the same size. 


CORRELATION BETWEEN THE SIZE OF THE FIRST 
POLAR BODY AND THE POSSIBILITY OF ITS 
MITOSIS 

T. Saiki and Y. Hamaguchi. Biol. Lab., 
Fac. of Sci., Tokyo Inst. of Technol., 
Tokyo. 


In order to enlarge the first polar 
body (PB1), oocytes of Asterina 
pecnitifera were treated with sea water 
containing hexylene glycol (HG) at ca. 1%, 
according to Yamao and Miki-Noumura (Zool. 
Sesto, & (POG), SGS))4 Wee StS GIF 
resultant PBis increased in proportion to 
the concentration of HG. When the treated 
oocytes were transferred to normal sea 
water after PB1 extrusion, some of 
enlarged PB1s performed cell division. 

The division of PB1 occurred later than 
the extrusion of the second polar body. 
The cell division rate of PBis clearly 
increased when the size of PB1s became 
larger. When the diameter of PB1 extruded 
from the treated oocyte increased 1.6 
times as large as that from untreated 
oocytes, the rate reached 50%. Staining 
microtubules indirectly with anti-tubulin 
antibody and chromosomes with 
4,6-Diamidino-2-phenylindole revealed that 
enlarged PB1 possessed the mitotic 
apparatus similar to that at the second 
meiosis. 
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CYTOSKELETONS RESPONSIBLE FOR THE 
LOCALIZATION OF GERMINAL VESICLES IN THE 
ANIMAL POLE REGION OF STARFISH OOCYTES : A 
CENTRIFUGE MICROSCOPIC STUDY. 

A. Miyazakil, E. Kamitsubo2 and S. Nemoto!. 
1Tateyama Marine Lab., Ocha-no-mizu Univ., Umi-no- 
Hoshi, Tateyama, Japan. 2Bio. Lab., Hitotsubasi Univ., 
Kunitachi, Tokyo, Japan. 


The prominent nucleus of prophase-arrested oocytes, 
germinal vesicles(GV), become attached to the animal 
pole before or just after meiotic resumption. We 
investigated what kinds of cytoskeletons are responsible 
for this localization, using oocytes of the starfish Asterina 
pectinifera and the sea cucumber Holothuria moebi . Since 
the density of the GV is smaller than that of the 
cytoplasm, GVs are subjected to the force that moves the 
nuclei to the centripetal side when oocytes are 
centrifuged. 

Observations were made, with a centrifuge microscope 
developed by Kamitsubo, on the oocytes whose GVs 
faced to the centrifugal side. When oocytes were 
centrifuged by 200g, their GVs did not move. In 
nocodazole-treated oocytes, GVs left away from the 
animal pole and moved to the centripetal side of the 
oocytes. Cytochalasin B was not effective. 

These results suggest that microtubules mainly 
pareicipate in the localization of the GV to the animal 


pole. 


EPFECTS OF SEVERAL MITOTIC INHIBITERS ON 
THE CLEAVAGE OF URETHANE-TREATED EGGS OF 
SEA URCHIN. 

K.Taguchi, S.Nakamura and M.K.Kojima. Dept. 


Biol., Fac. of Sci., Toyama Univ., Toyama. 


When fertilized sea urchin eggs are im- 

mersed in 50-60 mM ethyl urethane-sea water 
(URSW), their cleavage is inhibited and the 
spindle length becomes much longer than 
that in the control eggs. Recently, we 
found that quinacrine(QN) induces a reduc- 
tion of spindle elongation at anaphase B of 
mitosis in sea urchin eggs. It was, fur- 
thermore, revealed that, although neither 
30 mM ethyl urethane(UR) nor 10 4M QN has 
inhibitory effects on cleavage, when eggs 
are placed in URSW containing QN in the 
same concentrations mentioned above, their 
cleavages are blocked. Therefore, it seems 
that effects if UR and ON are not antago- 
nistic but cumulative as to arrest the 
cytokinesis. 

On the other hand, both heavy water(D,0) 
and caffeine(CA) are well-known as mitotic 
inhibitor. However, when eggs are exposed 
to 20 mM URSW containing 45% D,O, the rate 
of cleavage is considerably improved. This 
means that effects of both reagents are not 
cumulative but antagonistic as to inhibi- 
tion of cleavage. Quite simtlar results 
are obtained when eggs are treated with 
60 mM URSW containing 4 mM CA. [In this 
case, too, the percentage of cleavage rises 
apparently. 


NEW HISTONE MOLECULES PRODUCED AT THE 
BLASTULA STAGE OF STARFISH EMBRYOS. 
T.Shimizu, S.Horiike, S.Ikegami. Dept. of 
Applied Biochem., Hiroshima Univ., 
Higashi-hiroshima, Hiroshima. 

We obtained new core histone molecules 
with apparent molecular masses of 29 (p29) 
and 28 (p28) kiloDaltons from embryos of 
the starfish Asterina pectinifera. A mono- 
clonal antibody raised against p29, 2C6, 
recognized both p29 and p28. p29 and p28 
appeared at the early blastula stage (8 hr 
from fertilization) and their contents 
increased greatly at the midblastula stage 
(12 hr from fertilization) . The amino 
terminal sequence of p29 and p28 was the 
same as that of histone H2B. Furthermore, 
p28 contained a partial sequence of 
histone H4. 

The application of trichostatin A (0.01- 
100 mg/l) to fertilized starfish eggs 
prevents formation of mesenchymal cells at 
the gastrula stage but did not affect 
cleavages, blastulation nor gastrulation 
to occur. The period sensitive to tricho- 
statin A was restricted to the midblastula 
stage (12-14 hr from fertilization) . 
Immunoblot analysis using 2C6 revealed 
that the appearance of p28 was selectively 
suppressed by trichostatin A at the mid- 
blastula stage whereas p29 was unaffected. 


ANALYSIS OF PROTO-ONCOGENE EXPRESSION DURING 
EARLY DEVELOPMENT IN EMBRYOS OF SEA URCHIN. 
iM. Kanda, ‘A. Fujiwara, ’K.Mitunaga-Nakatsubo and 
1T.Yasumasu. ‘Dept. of Biol., Sch. of Educ., 
Waseda Univ., Tokyo, and *Dept.of Rad. Res., 
The Tokyo Metropolitan Inst. of Med. Sci., 
Tokyo 


Expression of proto-oncogenes have been 
studied in correlation with cell 
proliferation with, differentiation and cell 
death, using cultured cells of mammals. 

We have tried to make their identification 
of proto-oncogenes and expression in sea 
urchin embryos to analyze their role during 
early development. 

Proto-oncogenes were identified by 
Southern hybridization of sperm DNA with 
oncogene probes; c-myc, v-myc, v-fos and v- 
SECE 

Expression of these oncogenes were 
examined by Northern blot analysis of sea 
urchin embryos. 

Sea urchin embryos were found to contain 
RNAs, detectable with probes encoding c-myc, 
v-myc, v-fos and v-src. 
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[ADP-RIBOSYL]JATION OF HISTONES IN NUCLEI 
ISOLATED FROM SEA URCHIN EMBRYOS 

S.Furuya, Y.Kamata, M.Okuyama and 
I.Yasumasu. Dept. of Biol., Sch. of Educ., 
Waseda Univ., Tokyo. 


Nuclei isolated from sea urchin embryos 
were exposed to **P-NAD* to find out proteins 
to be ADP-ribosylated. Histones extracted 
from nuclei were separated using SDS-PAGE 
and were sliced to pieces containing Hl and 
core histones, respectively. They were 
analyzed for radioactivity. The rate of 
histone ADP-ribosylation hardly changed 
during early development, though a slight 
increase was found in core histones in 
hatching blastulae. Extracted histones were 


separated using two-dimensional 
electrophoresis and analyzed by 
fluorography. In gastrulae, H2B.2, H3.1, 


H3.3 and H4 were poly[ADP-ribosyl]lated, and 
H1l was mono-modified. In morulae, H3.2 was 
poly[ADP-ribosyl]Jated in addition to those 
modified in gastrulae. Even when embryos 
were treated with dimethylsulfate, H1 
remained in mono-modified form and ADP- 
ribosylated H2A.1 were not found, though 
ADP-ribose polymers were elongated in other 
histone species. It seems likely that sea 
urchin embryos have only enzyme to catalyze 
mono[ADP-ribosyl]ation of Hl and no enzyme 
to modify H2A.1. 


REGULATION OF EARLY EMBRYONIC HISTONE GENE 
EXPRESSION IN SEA URCHIN BY DNA METHYLATION 
M.Nakasone, M.Kettoku and I1.Yasumasu. Dept. 
of Biol., Sch. of Educ., Waseda Univ., 
Tokyo. 


We reported that the expression of early 
embryonic histone H3 gene was temporarily 
high at the morula stage, decreased 
thereafter and was terminated up to the 
gastrula stage in embryos of the sea urchin, 
Hemicentrotus pulcherrimus. DNA was 
extracted from embryos at the molura stage 
and at the gastrula stage. Extracted DNA was 
treated with sodium bisulfite to deaminate 
cytosine residues to be transformed into 
urasil residues. This treatment does not 
deaminate 5-methyl cytosine residues. When 
PCR was performed, the uracil residues were 
replaced with thymine residues. The PCR 
product were analyzed by dideoxy-sequencing 
method. The DNA methylation patterns in 5' 
upstream of early embryonic histone H3 gene 
at the gastrula stage differed from those at 
the molura stage. Changes in the methylation 
patterns in this region probably contribute 
to the regulation of transcriptional 
activity. 


OKADAIC ACID INHIBITS NUCLEUS PROTEIN 
BINDING TO 5'UPSTREAM OF EARLY EMBRYONIC 
HISTONE H3 GENE IN SEA URCHIN MORULAE. 
M.Kettoku., M.Sato’, M.Kanda, K.Mitsunaga- 
Nakatsubo , A.Fujiwara’ and I.Yasumasu’ Dept. 
of Biol., sch. of Educ., Waseda Univ., 
Tokyo, Dept. of Radiation Res., The Tokyo 
Metropol. Inst. of Med. Sci., Tokyo. 


In sea urchin embryos at the stages in 
pre-hatching period, expression of early 
embryonic histone H3 gene was augmented by 
A23187 and inhibited by ruthenium red, 
tetracaine and W7 even in the absence of 
A23187. These suggest that an increase in 
cytosolic Ca’ level activates calmodulin- 
dependent reactions to augment expression of 
early embryonic histone H3 gene. Nuclei 
isolated from sea urchin embryos at these 
stages contained proteins which bind to 
S'upstream of early embryonic histone H3 
gene. In isolated nuclei treated with 
okadaic acid, an inhibitor of protein 
phosphatase, in the presence and absence of 
ATP, these proteins hardly bind to the 
5'upstream. 

Dephosphorylation of nucleus proteins by 
Ca -calmodulin dependent protein phosphatase 
seems to contributes to expression of early 
embryonic histone H3 gene. 


ARREST OF DEVELOPMENT OF SEA URCHIN 
EMBRYOS BY HISTONE DEACETYLASE INHIBITORS. 
K.Asami, Y Miyashita, and ~N.Sawada. Dept. 
Biol. and “Dept. Pathol., Medical School, 
Sapporo Medical Univ, Sapporo 060. 

Histone deacetylase inhibitors, sodium 
butyrate (BUT) and trichostatin A (TSA) 
inhibit progression of cell cycle of 
mammalian cells at Gl or G2 phase, though 
TSA seems to exert its action more 
specifically at lower concentration. We 
previously showed that 10 mM _ BUT, the 
concentration enough to inhibit DNA 
synthesis of the primary-cultured 
hepatocyte, failed to inhibit cell 
proliferation of sea urchin embryos during 
the cleavage stage (Zool. Sci. 8 1115). 
Here we report that BUT and TSA have 
similar action on the development. The 
compounds were add to the sea water after 
fertilization and the subsequent 
development was examined. BUT or TSA (16 
nM) inhibited a little the DNA synthesis 
at cleavage or morula stage. However, they 
inhibited the DNA synthesis of the early 
blastulae. They inhibited gastrulation of 
embryos, and the embryos were arrested at 
primary mesenchyme blastula stage. 
Histones were extracted from the embryos 
and analysed with PAGE. In the treated 


embryos, the mobility in the gel of 
histone H4 and H2A/B was changed. Thus, it 
seems probable that acetylation of 
histones plays a role in progression of 
development from blastula to gastrula in 


sea urchin embryos. 
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GENE-TRANSFER INTO SEA URCHIN EMBRYOS 
WITH PARTICLE GUN. 

A. Nishimura, K. Hijikata, K. Yamada, K. 
Takata, K. Akasaka & H. Shimada, Faculty 
of Science, Hiroshima University, 
Higashi-Hiroshima 


We have studied cis-regulatory 
elements and trans-acting factors 
responsible for expression of 
arylsulfatase(Ars) gene in sea urchin 
embryos. To elucidate the role of cis- 
regulatory elements, we have introduced 
Ars-CAT reporter fusion-genes into sea 
urchin embryos with microinjection 
technique. Though the method has been 
successful to get good expression, it 
requests a long experimental time and a 
well-trained skill. In the present 
study, we tried particle gun method to 
introduce exogenous genes into a large 
number of sea urchin embryos in a few 
minute. We have got CAT expression 
equivalent to that of 1000 to 3000 
microinjected embryos in one shot. The 
Ars-fusion gene introduced into sea 
urchin embryos by a particle gun showed 
the same temporal expression pattern as 
the endogenous Ars gene during early 
embryogenesis. 

The particle gun could provide good 
method for improvement of breeds such as 
marine products as well as for basic 
experiments. 


AN ELEMENT IN FIRST INTRON IS NEEDED FOR 
INCREASED EXPRESSION OF THE ARYLSULFATASE 
(Ars) GENE OF SEA URCHIN (H.pulcherrimus) 
EMBRYO 

Y.Iuchi, K.Yamada, K.Akasaka and 
H.Shimada. Dept. of Gene Sci., Fac. of 
Seci., Hiroshima Univ., Higashi-Hiroshima 
724. 

In addition to the 5' upstream 
enhancers, we detected another cis-element 
positively regulating transcription of the 
Arylsulfatase (Ars) gene. This cis-element 
was located in a 2.3kb fragment(BK2.3) 
spanning from 3' region of ist intron to 
the 5' end region of 2nd exon. 

To define the cis-element in more 
detail, we constructed the plasmid 
containing BK2.3-E-bacterial CAT in this 
order and mutant plasmids containing 
various deletion in BK2.3, transferred 
these plasmids into sea urchin 
(Temnopleurus toreumaticus) eggs by a 
Particle gun and monitored the CAT 
expression in prism larvae. 

The results of the present experiment 
restricted the transcriptional activator 


element to the 5'side of BK2.3 fragment. 


PURIFICATION OF G-STRING BINDING PROTEINS 
THAT INTERACT WITH TRANSCRIPTIONAL 
REGULATORY ELEMENT OF SEA URCHIN 
ARYLSULFATASE(Ars) GENE 
S.Tanaka , K.Yamada , K.Akasaka ,and 
H.Shimada. Dept. Gene Sci., Fac. Sci., 
Hiroshima Univ., Higashi-Hirosima 724 
Proteins which bind to poly G sequences 
in the regulatory region are expected to 
participate in regulation of this gene. In 
our previous study, we find the appearance 
of new southwestern bands of G-string 
binding protein at the time of onset of 
the Ars gene transcription. To know 
whether the appearance of new bands is 
due to modification of pre-existing 
proteins or due to synthesis of a new 
protein species, we have attempted to 
purify G-string binding proteins from sea 
urchin embryos. In this report we describe 
the purification of one of these G-string 
binding proteins. 


IN VITRO TRANSCRIPTION OF SEA URCHIN 
(HEMICENTROTUS PULCHERRIMUS) ARYLSULFATASE 
GENE. 

K. Yamada, K. Akasaka and H. Shimada, Depart- 
ment of Gene Science, Faculty of Science, 
Hiroshima University, Higashi-Hiroshima 
724. 

A cell-free extract of sea urchin 
embryos was prepared and assayed for its 
ability to transcribe a number of tem- 
plates containing a cloned sea urchin aryl- 
sulfatase (Ars) gene promoter. By a primer 
extension assay on the RNAs synthesized 
in vitro, we found that transcription 
initiates in vitro at the sites identical 
to those in vivo. Transcriptional 
activity was inhibited by 5ug/ml of alpha- 
amanitin, indicating that the process is 
mediated by RNA polymerase II. 

Ten templates containing various region 
og the Ars gene were constructed and 
their relative transcriptional activities 
were determined. Present results suggest- 
ed that an upstream region between -0O. |kb 
and -0. 25kb was required for accurate 
initiation of transcription and that a 
sequence between +0.1k and +0. 16kb greatly 
reduced the transcription activity of the 
Ars promoter. 

We also detected nuclear pro- 
teins that bind sequence-specifically to 
these regulatory region by DNasel 
footprinting and gel mobility shift assay. 
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THE EFFECTS OF TYROSINE KINASE 
INHIBITORS ON EARLY DEVELOPEMENT OF 
SEA URCHIN EMBRYOS. 

T. Noguchi, R. Matsuda and I. Mabuchi, Dept. of 
Biology, Coll. of Arts and Sciences, Univ. of Tokyo, 
Tokyo. 

Tyrosine kinases are essential members of the signal 
transduction systems between cells. These enzymes 
may play important roles in early development of 
multicellular organisms. We have already reported 
that tyrosine kinase inhibitors, herbimycin A, 
genistein, and ST638, cause abolishment of spicule 
formation or abnormal formation and growth of 
spicules in sea urchin embryos. Here we investigated 
in detail the effects of the inhibitors on the early 
developement of | Hemicentrotus pulcherrimus, 
Clypeaster japonicus, and Pseudocentrotus depressus. 
Furthermore, we found that these inhibitors show 
similar effects as those seen in vivo on the 
differentiation and spicule-formation of isolated 
micromeres in vitro. 


PARTIAL PURIFICATION AND CHARACTERIZATION 
OF A CASEIN-KINASE 2-TYPE PROTEIN KINASE 
FROM SEA URCHIN 

M.Kawamoto, I.Yasumasu (Dept. of Biol., Sch. 
of Educ. ; Waseda Univ., Tokyo.), 


It has been reported that the activity of 
cyclic nucleotides independent protein 
kinase, is inhibited by heparin in nucleus 
fraction of sea urchin embryos. The activity 
localized in nuclei is high in morulae and 
gastrulae. Extract with 0.4M NaCl of nucleus 
fraction isolated from gastrula was used for 
the purification of this enzyme, by sequential 
chromatography on Phosphocellulose,Casein- 
Phosvitin-Sepharose, Heparin-TOYOPEARL. The 
finally obteined enzyme sample exhibited not 
only several bands on SDS-FAGE, which were 
judged to be subunits of this enzyme, but also 
faint bands of other proteins. The enzyme was 
only partially purified, though the specific 
activity increased markedly following 
sequential chromatography. Partially purified 
enzyme was inhibited by heparin. The enzyme 
was relatively insensitive to spermine, 
protamine and poly-,-lysine and appreciably 
activated by poly-,-arginine. 


HATCHING EMZYME-SUSCEPTIBLE CONPONENT 
OF THE FERTILIZATION MEMBRANE OF THE 
EGG OF THE HEMICENTROTUS PULCHERIMUS. 
N.Kitai, H. Kobayashi, T. Fukada, 
Y.Myotoishi and S. Ikegami. Dept. 
Appl. Biochem., Hiroshima Univ., 
Higashihiroshima 


Analysis with SDS-polyacrylamide gel 
electrophoresis of the hard fertilization 
membrane of the sea urchin Hemicentrotus 
pulcherimus revealed the presence of 
glycoproteins of apparent molecucular 
masses of 99 (p99), 70 (p70), 52 (p52) 
and 32 (p32) kiloDaltons. Treatment of 
the fertilization membrane with the 
hatching enzyme gave a new glycoprotein 
with an apparent molecular mass of 39 
kiloDaltons (p39). When purified p70 was 
incubated with the hatching enzyme, no 
new bands were detected on the gel. 
Therefore, p39 was derived from a high- 
molecular-weight component(s) which were 
not included into the gel. These results 
show that the hatching enzyme selectively 
degradate some components of the 
fertilization membrane without affecting 
others. 


STRUCTURE OF SEA URCHIN HATCHING ENZYME AND THE 
MECHANISM OF FERTILIZATION ENVELOPE DISSOLUTION 


K. Nomura!, and N. Suzuki2. 1Dept. of Biochem., 
okyo Metropol. Inst. of Gerontol., Tokyo, and 
Noto Marine Lab., Kanazawa Univ., Uchiura. 


Sea urchin hatching enzyme (HEz) is known to 
be a member of the matrix metalloproteinase (MMP) 
gene family!. We have isolated from Hemicentrotus 
pulcherrimus a 37 kDa HEz which alone is able to 
dissolve the fertilization envelope (FE), and 
designated it "envelysin"2. We also isolated a 
32kDa protease capable of thinning FE and digesting 
casein, and determined its partial amino acid 
sequence. The purified HEz as well as in vitro 
hatching was inhibited by synthetic cysteine-switch 
peptides reversibly and stereo-specifically?. 
Furthermore both 37kDa and 32kDa enzymes were 
inhibited by recombinant tissue inhibitor of 
metalloproteinase (TIMP) almost irreversibly. This 
result further supports the hypothesis that the 
32kDa enzyme is a degradation product of 37kDa HEz 
by autocatalytic truncation of its C-terminal 
domain having a role of binding to FE, i.e., 
specificity domain. 

In order to clarify the proteolytic processes by 
37 and 32kDa enzymes during the prehatching period, 
we analyzed the protein species in the supernatant 
of the medium of hatching embryos. No significant 
amount of proteins were detected by SDS-PAGE during 
the prehatching period. This suggests that the 
the surface paracrystalline proteins are not 
released long before the degradation of the central 
filamentous layer 
lEMBO J. 9 3003 (1990). 2Biochem. 30 6115 (1991). 
SFEBS Lett. 321 84 (1993). 
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Chorion Hardening of Unfertilized Egg of 
Rainbow Trout (Oncorhynchus mykiss) In- 
cubated in 0.1M CaCle. 

Iuchi, I., H. Sugiyama, Lee K. S. and K. 
Nomura 

Life Science Institute, Sophia Univ. and 

*Tokyo Met. Inst. of Gerontology, Tokyo. 
Chorion of unfertilized egg of rainbow 
trout consists of four major proteins 
having the molecular weights of 123, 64, 
56 and 49 K. When the egg was activated by 
tap water and the chorion became gradually 
hardened, some components having higher 
molecular weights were newly formed in the 
chorion, and finally, the hardened chorion 
was formed as huge molecular architecture. 
A major intermediate was 113 K protein. 
The formation of it was not inhibited by 
aminotriazole but by cadaverine. The 7 
Glu-e Lys content of the activated egg 
chorions was higher than unfertilized egg 
chorions, suggesting a participation of 
transglutaminase in the chorion hardening. 

Although incubation of unfertilized eggs 
in 0.1M CaClz gave rise to no visible 
change such as perivitelline space forma- 
tion, a remarkable hardening of the 
chorion occurred and high molecular weight 
intermediates were newly formed as in the 
activated egg chorion. SDS-PAGE analysis 
showed the formation of a 123 K, but not 
113 K, intermediate. Taking account of the 
effect of reagents such as cadaverine etc, 
we discussed a participation of other 
facter(s) than transglutaminase in the 
chorion hardening. 


Limited Hydrolysis of Egg Envelope 
Proteins by HCE, a Constituent of the 
Medaka Hatching Enzyme. 

Lee, K.S., S. Yasumasu, K. Nomura’, I. 
Iuchi and K. Yamagami 

Life Science Institute, Sophia Univ. and 
*Tokyo Met. Inst. of Gerontology, Tokyo, 
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High choriolytic enzyme (HCE, a con- 
stituent of the Oryzias latipes hatching 
enzyme) partially hydrolyzes the hardened 
inner layer protein of egg envelope, caus- 
ing a remarkable swelling of it. To 
clarify the mechanism of the "choriolytic 
swelling”, we analyzed the peptides 
released by HCE alone from the inner layer 
protein. They were grossly separable by 
gel filtration chromatography into a sharp 
peak of high molecular weight peptides 
(proteins) (P-H1) and a broad peak of 
lower molecular weight peptides (P-H2). P- 
H2 is probably equivalent to the former 
PII, a group of low molecular weight pep- 
tides in the egg envelope digests by the 
actions of both HCE and LCE. P-H2 was 
characterized by its high contents of Pro 
(33 mol%), Glu/Gln (24 mol%), and 7 -Glu- 
e -Lys isopeptide (ca. 4 times conc. of 
the average conc. in the whole egg 
envelope) which was considered to be 
responsible for the hardening of the inner 
layer. Amino acid sequence analysis 
revealed that the N-terminal 6 to 7mer 
peptides had a common sequence of Pro-X-Y. 


Structure and Expression of the Gene of 
HCE, a Constituent Protease of the Hatch- 
ing Enzyme of Medaka, Oryzias latipes. 
S.Yasumasu?, K. Inohaya+t+, K.Yamada?, 
I.Iuchi+, H.Shimada? and K.Yamagami* 

is Jil SE, WASES 5 Noolley Wine 5 Aelliazes 
2: Zool Inst., Hiroshima Univ. 


HCE is composed of two isoforms, HCE1 
Shiael IEGHA,  Myahighe amino acid sequence 
similarity of 95.5%. Eight genes encoding 
the two isoforms of HCE ( Hcel, Hce2 ) 
were isolated. The structure analysis in- 
dicated that all the HCE genes contained 
almost the entire coding sequence of the 
cDNA for HCE, but lacked intron. Five 
genes of Hecl ( Hcela-Hcele ) and three 
genes of Hce2 ( Hce2a-Hce2c ) were present 
in the genome of drR strain of medaka. 
Hcelc lackced the initiation codon of ATG. 
Six of the eight HCE genes form a cluster 
within the range of 17kbp long. All the 
HCE genes possessed a putative TATA box 
consensus sequence in their 5'flanking 
regions, and their upstream regions (200- 
400 bp) were found to be highly conserved 
each other. Comparison of the 5'flanking 
region of the HCE gene with that of the 
LCE gene indicated that both genes did not 
have overall similarity. 


The gene expression of the Medaka (Oryzias 
latipes) hatching enzyme 

K.Inohaya*, S.Yasumasu*, M.Ishimaru7?, 
A.Ohyama®, I.Iuchi* and K.Yamagamit 

1:Life Sci. Inst.,Sophia Univ. ,Tokyo. 
2:School of Health Sciences,Okayama Univ. 
3:ALOKA Co. ,Tokyo. 

The hatching enzyme of Medaka consists of 
two enzymes, HCE and LCE. Recently, cDNA 
clones for HCE and LCE were isolated. 
Northern blot analysis using the HCE and 
LCE cDNAs as probes showed that the 
transcripts of both the genes began to ap- 
pear in the stage 21-22 (lens formation) 
embryos. Their amounts became maximal at 
stage 27-28 (pectoral fin rudiments), and 
decreased gradually thereafter until the 
prehatching stage. The whole-mount in situ 
hybridization analysis revealed that the 
transcript of HCE was detected at the an- 
terior tip of the head primordium of the 
stage < 20 < (closure of blastopore) 
embryos. In the stage 22 embryos, the HCE- 
positive cells were dispersed, and dis- 
tributed under the forebrain and the optic 
vesicles. Thereafter, the HCE expression 
was assembled along the branchial arch, 
and finally, observed in the pharyngeal 
cavity. 

These results suggest that the hatching 
gland cells differentiate in a specific 
cell group in the early stage embryo, and 
migrate to the pharyngeal cavity as HCE 
gene being expressed. The gene expression 
for LCE seemed to be similar to that for 
HCE. 
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A 20KDA PROTEIN INDUCING THE LOSS OF PRE- 
MATURE EMBRYOS FROM OVIGEROUS CRABS 


M. Saigusal, and T. Akiyama’. tcollege of 
Liberal Arts & Sci., Okayama Univ., Okayama), 
and 2Marine Biological Laboratory, Oku-gun, 
Okayama. 


Embryos of crabs are attached to ovige- 
rous hairs in the female's abdomen through 
the funiculus. After the larval hatching, 
empty egg cases, funiculi and investing 
coats come off from the ovigerous hairs. 
These remnants are cleaned off partially by 
the female that plucks them to eat, but are 
completely cleaned off by a substance secre- 
ted by the embryos upon hatching. 

To investigate the nature of this sub- 
stance, ovigerous setae with their attached 
embryos were cut into 3-6 portions and 
dipped in hatch water. The separation of 
these egg masses from the hairs was obser- 
ved. 

The active factor in hatch water was 
stable with freezing, but heat-labile, su- 
ggesting a protein. Species specificity of 
this factor was not indicated, but its 
effect was clearly different among species. 
The results of gel filtrations showed that 
the factor is also different in molecular 
weights; in Sesarma haematocheir, it was 


estimated at 20kDa. 


NON-DIALYZABLE COMPOUNDS EXTRACTED FROM 
SEA URCHIN EMBRYOS WITH CHAOTROPHIC IONS 
PRODUCE ABNORMAL EMBRYOS. 
T. Nakagawa, A. Fujiwara and |. Yasumasu. Dept. of Biol., 
Sch. of Educ., Waseda Univ., Tokyo. 


Sea urchin embryos kept with non-dialyzable 
compounds extracted with chaotrophic ions, such as SCN™ 
and ClO, , developed into somewhat spherical embryos 
with poor gut or exogut. When extraction of these non- 
dialyzable compounds with SCN’ or ClO, from embryos 
were repeated several times in 4 hr period from 
fertilization, many embryos developed into vegetalized 
ones with SCN or CIO, in the presence of SO,”*, an 
antichaotrophic ion, hardly produced vegetalized embryos 
and the extract had very weak capacity to make embryos 
abnormal. Probably, several compounds, which support 
ectoderm differentiation, bind with embryo surface 
depending or hydrophobic interaction. 


FRACTIONATION OF MACROMERES, MESOMERES 
AND MICROMERES OF THE 16 CELL-STAGE SEA 
URCHIN EMBRYOS BY CENTRIFUGAL ELUTRIATION 
M.Yamaguchi, Noto Marine Lab., Kanazawa Univ., 
Ishikawa 


| examined several methods to separete 
macromeres, mesomeres and micromeres of the 16 
cell-stage sea urchin embryos, and found that 
centrifugal elutriation was the most effective. Witha 
Hitachi elutriator, | fractionated the three different size 
blastomeres with the purity higher than 90% using Ca- 
free sea water as elution buffer. When blastomeres 
fractionated by the mehtod were cultured in normal sea 
water, macromeres and mesomeres developed into 
gastrulae or exogastrulae and permanent blastulae, 
respectively, while micromeres formed spicules in the 
presence of horse serum. In order to look for mRNAs 
localized in animal or vegetal halves of embryos, | 
differentially screened a cDNA library of 16 cell-stage 
embryos of the sea urchin Anthocidaris crassispina 
using cDNAs reversetranscribed from poly (A) RNAs 
extracted from micromeres and mesomeres as probes. 
As the result, | cloned two cDNAs the messages of 
which were about two times richer in mesemeres than 
in micromeres when normlized using histone as a 
uniformly distributed standard in northern analysis. 


INSULIN-BINDING CAPACITY OF MICROMERE- 
DERIVED CELLS OF SEA URCHIN EMBRYOS. 
S.Kuno, T.Nagura and I.Yasumasu. Dept. of 
Biol., Sch. of Educ., Waseda Univ., Tokyo. 


In a previous study, we found that’ the 
receptor for insulin or insulin-like 
compounds exist on the surface of the 
micromere-derived cells of sea urchin 
embryos, and its molecular weight was 38kDa 
in non-reduced condition, 35kDa in reduced 
condition. Insulin-binding capacity of 
Micromeres and cultured micromere-derived 
cells was higher than in other cells of sea 
urchin embryos. The binding capacity 
increased during 2-3 hr of culture. The 
binding capacity considerably decreased 
after 20 hr of culture with insulin or 
horse serum but hardly decreased in the 
culture without insulin or horse serun. 
Insulin caused pseudo podial cable growth 
without formation of spicules. Spicule 


formation was induced by horse serum in 
these cells cultured for 20 hr in the 
absence of insulin but hardly induced in 
the cells cultured with insulin. 
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EFFECTS OF BLASTOCOELIC SUBSTANCES OF GAS- 
TRULAE CULTURED IN SO, -FREE SEA WATER ON 
SPICULE FORMATION IN ISOLATED MICROMERE 
DESCENDANT CELLS OF SEA URCHIN EMBRYOS. 
M.K.Kojima, M.Asai,and S.Nakamura. Dept. of 
Biol., Fac. of Sci., Toyama Univ., Toyama. 

Micromere descendant cells were isolated 
from hatched blastulae and cultured in 
artificial sea water (ASW) containing sub- 
stances of blastocoelic fluid of gastrulae 
(GE). As previously reported, when the 
descendants were incubated in GE-ASW, the 
rate of spicule formation was considerably 
enhanced in comparison with that in the 
case of culture in ASW only. 

On the other hand, eggs were transferred 
into SO% -free ASW at 5 min after insemi- 
nation, and reared there until the control 
embryos developed to the gastrula stage. 
Then, blastocoelic substances (GES) were 
obtained from such reared embryos. When 
micromere descendants were incubated in 
ASW containing GEs, the rate of spicule 
formation became much higher than that in 
the descendants cultured in ASW containing 
GE. Concentrated GEs was applied to DEAE 
Sephadex A-50 column and three major peaks 
were detected by absorbance at 280 nm. The 
fraction of the second peak had the highest 
activity to induce the spicule formation. 
These results are quite similar to those 
in the case of fractionation of GE by DEAE 
Sephadex A-50. We are now more closely 
studying on the differences in nature be- 
tween GE and GEs. 


IMMUNOCHEMICAL PROPERTIES AND SPATIO- 
TEMPORAL EXPRESSION OF A PRIMARY 
MESENCHYME CELL ADHESION MOLECULE 
(PAMLIN). 

H. Katow. Biology Laboratory, Rikkyo Univ. Tokyo. 


A novel primary mesenchyme cell (PMC) 
adhesion glycoprotein in the basal lamina (pamlin) was 
isolated from embryo of the sea urchin, Hemicentrotus 
pulcherrimus in 1991 (Katow, Cell. Struct. & Funct. ;16). 

Using a monoclonal antibody against pamlin, 
Western blotting, 2D gel electrophoresis, and 
immunohistochemistry were conducted to characterize 
immunochemical properties and immunohistochemical 
distribution of the molecule in the embryos at various 


developmental stages including morula stage, swimming 
and mesenchyme blastula stages, early and gastrulation 


1/2-completed gastrula stages, and pluteus stage. 
Pamlin is a slightly acidic protein of pI 5.5. Its 
relative molecular mass under reduced condition was 
52kDa, and was 56kDa under unreduced condition. The 
Mr under reduced condition was not changed 
throughout the development. Immunohistochemically 
pamlin was expressed on the apical surface of embryo, 
but from swimming blastula stage the basal surface of 
the blastocoel wall also expressed the positive signal. 
The signal was maximum in mesenchyme blastulae and 
then disappeared initially from a small area at the 


vegetal pole. The positive signal intensified beneath the 


PMCs that form cellular aggregates on the basal surface 


of blastocoel wall around the invaginating archenteron, 


whereas the signal on the basal surface of the rest of 
the blastocoel wall weakened. However, the basal 
surface at the apical tuft region remained the signal 
positive, to where cell processes from secondary 
mesenchyme cells attach. 


SPATIAL DISTRIBUTION AND ROLE OF EPITOPE 
OF PRIMARY MESENCHYME CELL (PMC)- 
SPECIFIC MONOCLONAL ANTIBODY (P4) IN 
EMBRYO OF THE SAND DOLLAR, Clypeaster 
japonicus. 

S. Yoshidal, T. Shimizu, yY. Hashimotol, R. Matsuda2, 
and H. Katow3. Biophys. Dept., Rikkyo Univ.1, Biol. 
Dept., Tokyo Univ.2, and Biol. Lab., Rikkyo Univ.3. 


PMC surface-specific monoclonal antibody, P4, 
that was initially generated against PMCs of the sea 
urchin, Hemicentrotus pulcherrimus embryo binds to 
PMCs in C. japonicus blastulae (Shimizu-Nishikawa et 
al., 1990). Using a confocal microscope for whole 
embryo immunohistochemistry, double-labeled 
immunohistochemistry, Western blotting, and P4 
introduction to the blastocoel of blastulae, we have 
examined spatial distribution, and potential role of the 
epitope, and initial molecular property of the 
antigen. In swimming blastulae P4 epitope was 
detected as a tiny spot on the apical side in some cells 
in the vegetal pole ectoderm under a epifluorescent 
microscope. According to a computer-assisted 3D 
image, these cells formed a circle leaving the signal- 
negative cells in the middle. During ingression a 
strong positive signal was recognized by the nucleus, 
and numerous small signal-positive granules spread 
in the cytoplasm and on the cell surface. According to 
Western blotting, only a 120kDa positive band was 
detected from swimming blastula stage. During PMC 
formation an additional new positive band was 
detected at 110kDa region. P4 introduced to the 
blastocoel of mesenchyme blastulae strongly 
inhibited PMC migration. These PMCs were tightly 
packed at the vegetal pole, and each cell's contour was 
hardly seen. 


ONTOGENY AND CHARACTERIZATION OF EXTRA- 
CELLULAR MATRIX ANTIGENS IN STARFISH 
EMBRYOS. 

W.Teramura!, T.Shimizu!, S,Ikegami!, H. 
Kaneko and M.Dan-Sohkawa*. '!Dept. Appl. 
Biochen., Hiroshima Univ., Higashi- 
hiroshima and ?Fac. of Sci., Osaka City 
Univ., Osaka. 

A monoclonal antibody, 29E6, binds to 
extracellular matrix components of 
Asterina pectinifera embryos. During the 
blastula and gastrula stages, antigens are 
expressed in the extracellular matrix 


surrounding the surface of loosely bound 
epithelial cells. Accumulation of the 
antigen in the blastcoel becomes 
conspicuous at the time of gastrulation. 
Western blots of antigens immunoprecipi- 
tated from several developmental stages 
reveal an antigen of an apparent molecular 
mass (Mr) of 115 kiloDaltons and two to 
four antigens ranging in Mr's from 32 to 
36 kiloDaltons. 

Blastulae were metabolically labeled 
with [%°S] methionine and their lysate was 
immunoprecipitated by 29E6. Sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis 
of the immunoprecipitate gave a single 
radioactive band at Mr 300 kiloDaltons. 
These results suggest that the 300 kilo- 
Dalton-molecule is associated with at 
least one of the antigen molecules. 
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INTRACELLULAR DISTRIBUTION AND SECRETION 
INTO THE HYALINE LAYER OF AN EXTRACELLULAR 
MATRIX PROTEIN OF SEA URCHIN, TEMNOPLEURUS 
HARDWICKS. 2 3 7 
Y.Yokota , K.H.Kato and §-Nakano 7 dekleul. 
Lab., Aichi Pref. Univ., “Dept. Biol., 
Nagoya City Univ., “Nagoya Univ., Nagoya 


Distribution and translocation of an 
extracellular matrix protein with a mole- 
cular weight of 105,000 (Th-nectin) were 
studied in the eggs and embryos of Temno- 
pleurus hardwicki. The observation of the 
eggs and embryos by immuno-electron micro- 
scopy using anti-Th-nectin was consistent 
with the results obtained from immunofluo- 
rescence microscopy and revealed that Th- 
nectin is secreted into the hyaline layer 
in the course of embryogenesis. Th-nectin 
was associated to a certain subcellular 
organella-like fibrous structure in the 
cytoplasm. This structure was uniformly 
distributed in the cytoplasm of unfertili- 
zed egg. After fertilization, it was trans- 
located to the surface area of eggs. The 
translocation to the apical area of the 
eggs is assumed to depend on the cytoskel- 
eton system, which is conducted by a series 
of metabolic changes upon fertilization. 
Although Th-nectin was observed in the 
hyaline layer of developed embryos such as 
blastulae and gastrulae, this structure 
@id not occurred in the hyaline layer. A 
similar structure was observed also in 
other species of Echinoderm. 


CORTICAL PHOTON EMISSION IN EARLY 
DEVELOPMENT OF FROG EGGS. 1 
M.Oonukit, M.Ryuzaki? and S.Nishida, Inep. 
of Physiology and ?Dep. of Biology, 
Kitasato University, School of Medicine, 
Sagamihara, Kanagawa228. 


The detection of photon emission follow- 
ing developmental events as nuclear 
division and cytoplasmic fission was 
conducted for Frog eggs. The signal due 
to developmental events was too small to 
be separated from the noise of background 
emission inevitably exerted from living 
cells by the usual photon counting method. 
This difficulty was solved by a new count- 
ing method,designated as an analog separat- 
ion method,which counts the bulk emissions 
formed by integration of photons. By this 
method, changes in photon emission due to 
cell division could be detected clearly 
and found to be 5x107/?7 W at the start of 
the first cleavage. Rapid changes within 
100 sAsec in chemical reactions causing 
photon emission were compared during 
nuclear division and cytoplasmic fission; 
the rate being about 2.9 times greater in 
the latter, possibly originating from the 
difference in reaction mechanisms. 


CLEAVAGE INHIBITION AND INDUCTION OF 
FURROW-LIKE DENTS BY OKADAIC ACID CLASS 
COMPOUNDS IN NEWT EGGS. 

T.Sawai. Dept. of Biol., Fac. of General Education, 
Yamagata University, Yamagata. 

The effects of three kinds of okadaic acid class 
compounds calyculin A, okadaic acid and tautomycin 
which are inhibitors of protein phosphatase, on 
cleavage furrow formation in eggs of Cynops 
pyrrhogaster, were examined. Solutions of inhib- 
itors were injected into one blastomere of two-cell 
embryos in a volume of 30-70 nl. 

Calyculin A brought about deep accumulation of 
pigment and contraction of the cortex around the 
injection site immediately after the operation, at 
concentrations of 20-5.0 pg/ml. These solutions 
inhibited the 2nd cleavage, when the injection was 
made more than 20 min before the onset of the 2nd 
cleavage of brother blastomeres. On the other 
hand, in these blastomeres arrested the cleavage, 
many furrow-like dents appeared on the surface of 
the animal hemisphere, and the contraction of dents 
formed a number of cytoplasmic protrusions. The 
cleavage inhibition and the dent formation were not 
observed when the injection was made less than 20 
min before the onset of cleavage, in many cases. 
Similar phenomena were observed by the injection 
of okadaic acid solution at 10-2.5 pg/ml. A solu- 
tion of low concentration (calyculin A at 2.5 and 
okadaic acid at 1.0 pg/ml) did not cause the cleav- 
age inhibition and the dent induction in many cases. 
Tautomycin caused the local accumulation of pigment 
and the contraction of the cortex, and inhibited the 
cleavage at 20-0.5 pg/ml. But, no furrow-like 
dents were induced by tautomycin. 


LIPID COMPOSITION IN VEGETAL, ANIMAL, VENTRAL 
AND DORSAL HALF EMBRYOS DURING EARLY 
DEVELOPMENT OF RANA JAPONICA. 


M, Ryuzaki!, N. Takizawa2, and T. Nakamoto3, Depts. of 
Biol.!, Physiol.2 and Anat.3, Kitasato Univ. School of Med., 
Sagamihara. 

Quantitative and qualitative analyses were conducted on 
phospholipid(PL),triglyceride(TG) and total cholesterol(TC) 
from vegetal(VE) and animal half embryos(AE) at stages 1 and 
2, from vegetal 4-cells(V4C) and animal 4-cells(A4C) at stage 
5, and ventral (VnE) and dorsal half embryos(DE) following 
division near the primitive gut at stages 17 and 20 of Rana 
japonica. Weight percentages of PL, TG and TC to total lipid 
content in the specimens were approx. 48-60%, 15-27% and 4- 
8%, respectively. PL and TG content in VE, V4C and VnE was 
3-6% greater and TG, 3-8% less than that in AE, A4C and DE 
during embryogenesis. In any specimen,TC was the same at 
stages 1, 2 and 5. TC in VnE exceeded that in DE by about 2% 
at stages 17 and 20. Except for minor quantitative changes, the 
gross patterns of PL, TG and TC in the specimens remained 
essentially the same during embryogenesis. Weight percentages 
of PC, PE, PS, PI and Sph to total phospholipid content in these 
specimens were 50-67%, 12-25%, 5-10%, 1-6% and 6-12%, 
respectively. PC(55-61%), PE(24-25%), PS(6-10%), PI(2-4%) 
and Sph(6-7%) in AE, A4C and DE showed no change 
following fertilization during embryogenesis and stage 20 when 
hatching occurred. The amounts of PC(57-67%), PE(12-16%), 
PS(7-10%), PI(4-6%) and Sph(10-13%) in VE and V4C and 
PC(62-66%), PE(22-24%), PS(ca5%), PI(1-2%) and 
Sph(ca4%) in VnE differed from stages | to 5 and 17 to 20. 
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VEGETAL HALF SPECIFIC PROTEINS IN NEWT EGG AND 
EMBRYO. 

H.Kanbayashi', K.Takeshima*= 

*Graduated School of Human Informatics and 
=Radioisotope Research Center, Nagoya Univ., Nagoya 
The cytoplasmic asymmetry has an important role in 
establishing the antero-posterior, dorso-ventral, and 
medio—lateral axis in embryo. To survey the 
asymmetric localization of a rear cytoplasmic 
component(s), we analyzed the soluble protein 
fractions prepared under the mild condition so as to 
exclude yolk granule-derived material as possible. 
The comparison of SDS-gel and O’Farrell’s two 
dimensional-gel electrophoretic patters revealed that 
no remarkable difference related to dorso—ventral and 
medio-lateral polarities was detected. However, we 
detected at least 2 vegetal half specific proteins 
distinctly. Their apparent molecular weights were 48 
kD and 50 kD, and isoelectric points were 6.1 and 8.0, 
respectively. Both of them were detected in vegetal 
half of unfertilized egg, blastomeres derived from 
vegetal half at cleavage stage, and both endodermal 
and mesodermal region of gastrula. On the contrary, 
these vegetal half specific proteins were hardly 
detected in animal blastomeres from 8 cell stage 
embryo, and animal cap from early gastrula. 


ANALYSIS OF REGION-SPECIFIC PROTEIN IN EARLY 
CYNOPS EMBRYOS 

T.TABATA', K.KAMIO', T.TAJIMA® AND A.S.SUZUKI'. 
Dep.of Biol.,Fac. of Gen Edu., Kumamoto Univ., 
2Dep.of Biol.Sci.,Fac.of Sci.,Kumamoto Univ., 
Kumamoto. 


We have attempted to produce monoclonal 
antibodies against the antigens;chordamesoderm 
and neural plate of early Cynops neurula.There 
was region-specific monoclonal antibody which 
reactived mainly to ecto-mesodermal cells and 
simultaneously showed intracellular polarity 
in the cells. We analyzed the distribution 
pattern of the protein which was recognized 
by the antibody. Quantitative change of the 
protein during embryogenesis was also inves- 
tigated by western blot. The protein was 
expressed at the constant level. 

In addition, cDNA clone encoding this protein 
was isolated from cDNA libraly which was 
constructed from early Cynops embryos. Its 
sequence was determined. The homology search 
of the cDNA sequence with known genes didn’t 
show any strong sequence homology. By using 
amino acid sequence data base it was found to 
be strong sequence homology. It was MER-5 
which increased transiently after induction 
of murine erythroleukesia cell differentiation 
by DMSO. We also analyzed expression of the 
gene during embryogenesis. 
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ORIGIN AND FUNCTION OF THE BOTTLE 
CELL OF NEWT EMBRYO. 

M.Katagiri, Y.Yamamoto and A.S.Suzuki. 
Dep.of Biol., Fac. of Gen Edu., 
Kumamoto Univ., Kumamoto. 


The morphogenetic movement with 
invagination is necessary to determine 
final differentiation of axial 
mesoderm of early cyops gastrula. It 
was well known that the bottle cells 
of the blastopore play an important 
role in the invagination process. 

At the beginning of gastrulation, 
the bottle cells was removed, the 
bottle cells-less embryos developed 
into almost normal embryos; formed 
cephalo-caudal axis. 

In order to investigate an origin 
of the bottle cells, fluorescein 
dextran amine was injected into the 
dorsal blastomere of 32-cell embryo, 
the distribution of the descendant 
cells was investigated at early 
gastrula and tail—bud. 

The data suggest that bottle cells 
are more frequently composed of 
descendant cells of the third tier 
than those of the second. 


REEXAMINATION OF MECHANISMS IN AXIAL FORMATION 

DURING GASTRULA PROCESS 

Y.Yamamoto and A.S.Suzuki. 

Dept. of Biol., Fac. of Gen. Edu., Kumamoto Univ., Kumamoto. 


The presumptive pharyngeal endoderm of early Cynopus 
pyrhogaster gastrula has axial mesoderm-inducing activity. 
When both presumptive pharyngeal endoderm and bottle cells 
labeled with fluorescein dextran amine were transplanted 
to ventral side of unlabeled host embryos, they formed 
blastopore and induced secondary axes. But they didn’t 
induced secondary axes, when presumptive pharyngeal endoderm 
and bottle cells were separately transplanted. 

At early gastrula stage, animal half with the marginal 
zone as separated and rotated by 180 . Most of the rotated 
embryos formed only single axial structure; the axial 
structure was observed at originally dorsal side. While, the 
original dorsal mesoderm which had moved to ventral side 
didn’t showed any axial differentiation. 

The present study suggests that there are two steps in 
differentiation of the axial mesoderm during normal Cynopus 
embryogenesis. First, until early gastrula stage, the dorsal 
marginal zone has been planarly induced by the dorsal 
endoderm. Secondly, during invagination process, vertical 
interaction between cell layers evokes the dorsal marginal 
cells to differentiate into the axial mesoderm cells. 
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THE HATCHING GLAND CELLS IN A ZEBRAFISH 
EMBRYO: LOCALIZATION AND PROLIFERATION. 
S. Yokoya and Y. Ebina. Div. Cell Sci., 
Cent. Res. Lab., Fukushima Med. Col., 
Fukushima. 


Zebrafish embryos reared at 28°C escaped 
their envelope about 1.5 days after 
fertilization. Under this condition, we 
examined: (1) how many hatching gland 

cells (HGCs) does an embryo develop at 

what location for hatching? (2) By what 
developmental stage are HGCs provided? 
Preliminary results indicated as follows: 
(1) The earliest appearance of HGCs con- 
taining zymogen granules occurred ina 
18hrs-embryo. The HGCs increased until 
24-26 hrs after fertilization, kept 
stabilized a few hours and then decrease in 
number until hatching. Total HGCs amounted 
about 120 cells in the embryo at the most 
developing stages. The HGCs were located 
in the middle layer of the epidermis in the 
anterior half of the yolk sac. (2) When 
embryos were treated with BrdU before 10 
hrs after fertilization and were examined 
immunocytochemically at 24 hrs, they 
developed HGCs incorporating BrdU in the 
nuclei. In the embryos incorporated BrdU 
at the later stages, no labeled HGCs 
appeared any longer. These data suggest 
that the embryos of zebrafish develop small 
number of HGCs at the restricted portion 
and they determine the rudimentary HGCs at 
the early stages of embryonic development. 


ANALYSIS OF DIFFERENTIATION POTENCY OF ZEBRAFISH 

BLASTOMERES BY CELL-TRANSPLANTATION EXPERIMENTS. 
Y. Hamada, H. Amanuma and H. Takeda. Lab. of Gene 
Technology and Safety, Tsukuba Life Science 
Center, Inst. of Physical and Chemical Research 
(RIKEN), Tsukuba. 

In order to characterize the early events in 
cell-fate determination, we use zebrafish 
(Brachydanio rerio), a vertebrate with a number of 
advantages for developmental study. It is believed 
that the cell determination for fish does not occur 
prior to the beginning of gastrulation. If a clone 
is labelled by injection of tracer dye at the mid- 
blastula stage, the progeny will form a mixture of 
cell types. To examine the differentiation potency 
of zebrafish blastomeres, we transplanted labeled 
blastomeres into recipient blastulae and analyzed 
the development of their progeny in the hosts. 

The mixture of rhodamine-dextran and biotin- 
dextran was microinjected into yolk cells of donor 
embryos before the eight-cell stage. The donor 
cells were drawn from labeled embryos at the mid- 
blastula stage into a glass capillary and was 
transplanted into an unlabeled blastula. The 
injected embryos were examined under florescent 
microscopy and were finally processed for whole- 
mount staining using avidin-biotin HRP complex. 
These analyses have shown that labeled donor cells 
when transplanted were immediately mixed with the 
host cells and developed in accordance with their 
new position. For example, the cells from the 
animal-pole region (presumptive head region) 
transplanted into the marginal zone were 
distributed in the posterior part of the host 
embryo and formed epidermal, neural and mesenchymal 
tissues. These results clearly demonstrated that 
the cells of the blastula-stage embryo were 
pluripotent and cell determination occurs in later 
development, probably during gastrulation. 


ULTRAVIOLET LIGHT INHIBITS BODY AXIS 
FORMATION ON ORYZIAS LATIPES EGG 
Y. Ebina and S. Yokoya. Cell Sci.,Cent. 
Res. Lab., Fukushima Med.Col., Fukushima 


Ultraviolet irradiation of the vegetal 
halves of fertilized Oryzias latipes eggs 
produces embryos that are deficient in or 
lack dorsal axial structures. The extent 
of the lesions is depend on dose_of UV. 
Low doses ( for example, 500 I/m2, 30 min 
after fertilization) lead to slight abnor- 
malities, while larger doses ( for example, 
100 J/m“, 30 min after fertilization ) 
result in developmental arrest prior to 
epiboly. THe primary effect of UV is to 
delay the onset of epiboly. The degree of 
epiboly delay seems to be correlated with 
the severity of the abnormality. 


NEURAL INDUCING ACTIVITY OF THE ACTIVIN- 
TREATED ECTODERM OF AMPHIBIAN EMBRYOS. 
T.Ariizumi and M.Asashima. 

Dept. of Biol., Univ. of Tokyo, Komaba, 
Meguro-ku, Tokyo 153. 


We previously examined the inducing 
activity of the Xenopus and Cynops activin- 
treated ectoderm using preculture and 
sandwich culture methods. The explants 
sandwiching activin-treated ectoderm formed 
trunk-tail and/or head structures depending 
upon the time after the treatment of activin 
and its concentration. However, it was not 
clear whether the activin-treated ectoderm 
induced neural tissues from the surrounding 
ectoderm. To trace the cell lineage of the 
sandwich explants, we used the activin- 
treated ectoderm injected with FDA, a cell 
lineage tracer, at 2-cell stage. The 
explants sandwiching the short-precultured 
ectoderm formed trunk-tail structures 
consisted of FDA-labeled mesodermal tissues. 
The explants sandwiching the long- 
precultured ectoderm formed head structures 
equipped with non-labeled neural tissues 
such as brain and eye in addition to labeled 
mesodermal tissues. These results suggest 
that the activin-treated ectoderm 
differentiates into mesodermal tissues and 
induces neural tissues as Spemann's 
organizer does in normal development. 
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COMPETENCE TO ACTIVIN A ON ANIMAL 
BLASTOMERES AT 8-CELL STAGE OF XENOPUS 
EMBRYO. 
T.Bessho,, K.Kinoshita’ and M. Asashima’ 
‘Dept. of Biol., Yokohama City Univ., 
Yokohama, “Biol. Lab., Nippon Med. School, 
Kawasaki, Dept. of Biol., Coll. Arts and 
Sci., Univ. Tokyo, Tokyo 

Activin A has mesodermal inducing activity 
on Xenopus blastula animal caps, and 
Maternal activin is presence in the 
unfertilized egg. Mesoderm induction in 
embryo occurred ealier than blastula, and 
its time and stage are not known yet 
exactly. We reported that animal blastomeres 
at st.4 were induced by activin A. When we 
treated them for 1 h by activin, blastomeres 
formed mesodermal tissues. However, the 
critical period of the time that blastomeres 
induced by activin was not clear. The 
isolated blastomere divided further into 
smali blastomeres in 1 h for cultivation. So 
we tried to shorten the time of treatment as 
10,30,45 min.. Then we observed the exact 
time of blastomeres divided. When we treated 


them for 10 and 30 min., they were not 
induced. They were induced weakly when we 
treated them for 45 min.. These results 


suggest that animal blastomere possesses 
their competence to activin between 30 and 
60 min. after separation. 


MESODERM INDUCTION BY ACTIVIN A ON THE 
DORSALIZED XENOPUS ANIMAL BLASTOMERES. 
K.Kinoshita* and M.Asashima?. 

*Biol.Lab., Nippon Med. School, Kawasaki, 
*Dept-of Biology., Tokyo Univ., Tokyo. 


Activins act on the Xenopus animal cells 
to induce mesoderms. Previous works have 
shown that animal half blastomeres become 
acceptable for activins at early cleavage 
stages, and the pattern of mesoderm differ- 
entiation differed between dorsal and 
ventral blastomeres. It is expected that 
certain dorsal determinants are closely 
related with the dorso-ventral polarity. 

For understanding the molecular char- 
acteristics of the polarity, we isolated 
animal blastomeres at late 8-cell stage and 
treated with LiCl, an embryo dorsalizing 
agent. RNAase protection assays using both 
dorsal and ventral mesodermal marker genes 
(muscle a-actin, goosecoid and Xwnt-8) have 
shown that dorsal markers appear almost in 
the dorsal blastomeres when treated solely 
with activin A, whereas they increase also 
in the ventral blastomeres when treated 
with both LiCl and activin A. 

The results suggested that the pre- 
existent dorsal-ventral polarity in the 
animal hemisphere are not definitive, but 
can be modified by the effect of active 
dorsalization from the vegetal hemisphere. 


PURIFICATION OF ACTIVINS AND FOLLISTATIN 
FROM XENOPUS EMBRYOS. 

A. Fukyi-, T. Nakamura2, H. Uchiyamal, H. 
ugino* and M. Asashima~. 

Dept. of Biol., Yokohama City Univ., 
Yokohama, Inst. fgr Enzyme Res., Tokushima 
Univ., Tokushima, “Dept. of Biol., Univ. of 
Tokyo, Tokyo, Japan. 


The activin, known as of the mesoderm- 
inducing factor, is present in three kinds 
of isoforms, activins A, AB and B. 
Follistatin, an activin-binding protein, 
suppresses physiological activities of 
activins. We have purified Xenopus 
follistatin, and activins A, AB and B, from 
Xenopus embryos (St. 1-5) using four steps 
of column chromatography (dextran-sulfate 
CL-4B, sulfate-Cellulofine, FPLC gel 
permeation and reverse phase HPLC). 
Follistatin was detected as corresponding 
well to both activin-binding activity and 
FSH release-suppressing activity. Maternal 
proteins of activins A, AB, and B were 
proved with the activin activities, as 
agreement with FSH release-stimulating 
activity, erythroid differentiation 
activity and mesoderm-inducing activity. 
Mesoderm-induction by activins A, AB and B 
were suppressed by follistatin gave from the 
embyros. This study demonstrates that 
activins and follistatin plays an important 
role in Xenopus embryo. 


IMMUNOHISTOCHEMISTRY OF XENOPUS EMBRYOS 
USING ANTI-ACTIVIN ANTIBODIES. 
H.Uchiyama?, K.Shibuya!, and M.Asashima2. 
lpept. of Biol., Yokohama City Univ., Seto, 
Yokohama, 2Dept. of Biol., Fac. of Liberal 
Arts and Science, Univ. of Tokyo, Komaba, 
Tokyo. 


It is well known that activin has 
potent mesoderm-inducing activity on Xeno- 
pus presumptive ectodermal cells. It dose- 
dependently induces various mesodermal 
tissues along the dorso-ventral axis. It is 
also reported to have some role in the real 
embryogenesis by forced expression of a 
dominant negative activin receptor gene. 
Activin activities (erythroid differentia- 
tion activity and mesoderm-inducing activi- 
ty that are suppressible by activin-binding 
protein, follistatin) have been detected in 
Xenopus egg extract, and it has further 
been reported that three isotypes of ac- 
tivin (activins A, B, and AB) appear to be 
present in the egg by HPLC analyses. 

We synthesized several peptides based 
on the reported amino acid sequences of 
Xenopus activins A and B, and obtained 
anti-peptide antibodies. Results of the 
immunohistochemical studies using these 
antibodies will be presented. 
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TEMPORAL AND SPATIAL PATTERN OF EXPRESSION 
OF A Xdll GENE IN XENOPUS LAEVIS EMBRYO- 
GENESIS 


Koichiro Shiokawal, Misaki Asano!, Reiy 
Kurashima~, Miho Sera’, Yasuko Sugase’, 
asufumi Emori®, and Kaoru Saigo 


Zoological Institite, Department of Biglo- 
gy,Laboratory of Molecular Biology, De- 
partment of Biophysics and Biochemistry, 
Faculty of Science, The University of 
Tokyo, Tokyo 

Temporal and Spatial distribution of a 
Xdll gene, a Xenopus homologue of Droso- 
phila Distal-less have been examined in 
Xenopus embryogenesis. The amount of the 
expression of Xdll mRNA, which is a mater- 
nally-inherited mRNA, increased from gas- 
trula stage. Embryo dissection experiments 
showed that the mRNA is localized mainly in 
the head part, especially at the ventral 
side. Whole mount in situ hybridization 
revealed a rather uniform distribution of 
the mRNA in early stage embryos but quite 
restricted expression pattern in later 
stages. Thus, the mRNA was detected mainly 
in the pracode primordia at the neurula 
stage and from the tailbud to muscular 
response stages it’s expression was 
concentrated in the head part, especially 
in the regions of mandibular arch, hyoid 
arch and visceral arch. These results 
suggest that Xdll has at least two roles: 
one is the early function during blastula 
to gastrula stages and the other is the 
formation of facial organs in the head 
part. 


ATTEMPTS TO ISOLATE THE DROSOPHILA 
GENES WHOSE TRANSCRIPTS ' ARE 
SPLICED IN POLE CELLS BY THE SAME 
MACHINERY AS THAT WORKS ON THE P- 
ELEMENT 

T. Kitamura, S. Kobayashi, and M. Okada. Inst. Biol. 
Sci., Univ. of Tsukuba, Tukuba, Ibaraki. 


We have shown that pole cells, the presumptive 
primordial germ cells of Drosophila, have the splicing 
activity of the P-element third intron, and that not all 
pole cells have the splicing activity. Furthermore we 
have shown that almost all pole cells with the splicing 
activity penetrate the embryonic gonad and 
differentiate as primordial germ cells. These results 
suggest that the machinery to splice the P-element 
third intron is active in pole cells and is used for 
processing transcripts of endogenous genes that play 
important roles in the differentiation of pole cells 
(Development 117, 885-893, 1993). 

To examine whether these hypothetical genes 
exist in Drosophila genome, we performed Southern 
blot hybridization of genomic DNA, probed with the 20- 
bp sequence that regulates the tissue specificity of the 
P-element splicing. We have obtained 4 DNA 
fragments hybridized with the probe. Now we are 
analyzing these genomic fragments to find whether 
these fragments contain genes required for pole cells 
to differentiate as germ cells. 


CYTOPLASMIC DISTRIBUTION OF A POLE CELL 
FORMING FACTOR MtlrRNA, IN DROSOPHILA EM- 
BRYOS. 

R. Amikura, S. Kobayashi and M. Okada. 
Inst. Biological Sciences, University of 
Tsukuba, Tsukuba. 


Mitochondrial large ribosomal RNA 
(Mtl rRNA) is a an essential cytoplasmic 
factor for pole cell formation in the 
Drosophila embryo. We have presented the 
idea that MtlrRNA is transported out of 
mitochondria into the cytosol and takes 
part in pole cell formation (Kobayashi and 
Okada, 1989). MtlrRNA can be visualized 
and traced using the in situ hybridization 
method in electron microscopy (Kobayashi 
et al, 1993). In this study, we focused 
on the transition of the MtlrRNA in embry- 
ogenesis after egg. 

In the early cleavage stage, at nu- 
clear cycle 3, most of the MtlrRNA signal 
was found between mitochondria and close- 
ly attached polar granules. At nuclear 
cycle 6, most of the MtlrRNA signal was 
associated with the polar granules, which 
are apart from the mitochondria. In the 
pole bud stage, most of polar granules 
were free from of signals. In pole cells, 
neither polar granules nor nuclear bodies 
exhibited signal. We detected no signal 
when probed with the sense sequence of 
Mtl rRNA. The present observation supports 
our idea that transition of MtlrRNA from 
mitochondria to polar granules, occurs 
immediately after eggs laying. 


SPATIAL DISTRIBUTION OF MITOCHONDRIAL 
IrRNA IN XENOPUS EARLY EMBRYOS 

S. Kobayashi, R. Amikura and M. Okada. Inst. of 
Biological Sciences, Univ. of Tsukuba, Tsukuba, 
Ibaraki 


Posterior polar plasm of early Drosophila 
embryos contains factors required for germ-line 
establishment. We have reported that 
mitochondrial large ribosomal RNA (MtlIrRNA) 
induces pole cells, or germ-line cells in u.v.- 
sterilized embryos, and proposed that MtIrRNA is 
transported out of mitochondria to reach polar 
granules, a distinctive organelles of germ plasm. 
In the present study, we analysed spatial 
distribution of extra-mitochondrial mtIrRNA in 
early Xenopus embryos. MtlrRNA was enriched 
in germ plasm at the stages from 4-cell to 
blastula, and was tightly attached to germinal 
granules, which are morphologically very similar 
to Drosophila polar granules. These results 
suggest the possibility that the attachment of 
mtIrRNA to germinal granules in germ plasm 
represents an indispensable step for germ-line 
establishment in Drosophila and Xenopus. 


Developmental Biology 


INVOLVEMENT OF LECTIN IN EARLY 
DEVELOPMENT OF BOMBYX MORIIN A 
MATERNAL EFFECT MANNER. 


K. Amanail, Y. Suzuki!, and T. Ohtaki2. 


1Department of Developmental Biology, National 
Institute for Basic Biology, Okazaki, 


2Nishougakusya University, Chiba. 


The expression of lectin gene was investigated 
during the oogenesis and the embryonic 
development of the silkworm, Bombyx mori . 
During the oocyte development, Bombyx 50 kDa 
lectin gene was transcribed in the nurse cells, 
and the transcripts were transferred through the 
ting canal from the nurse cell cytoplasm to the 
ooplasm, and deposited in the cortex of ooplasm. 
In unfertilized eggs the transcripts were 
restricted in the cortex, the site of formation of 
cells in the embryo. In early embryos the 
transcripts and its products accumulate only at 
the serosa cell cytoplasm and little of the lectin 
were deposited in other regions of egg such as 
the germ-band. These patterns of localization 
suggest that this lectin has an important role in 
serosa formation in the early embryogenesis in a 
maternal effect manner. 


SPUR PATTERNS ON THE TIBIA AND FEMUR IN 
THE BENT SPUR MUTANT OF THE GERMAN 
COCKROACH. 

A. Tanaka 1 and M. H. Ross 2. 1 Dept. of 
Biol., Nara Women's Univ., Nara and 2 
Dept. of Entom., VPI & SU, Virginia, USA. 


The bent-spur (bs) mutant of the German 
cockroach, Blattella germanica (L.), has 
sharply bent spurs on the tibia and femur 
of the three pairs of legs. Spur patterns 
of this mutant are identical with those of 
wild type; thus every spur can be named by 
a row-and-level method used in wild type. 
Mutant spurs are not bent in the first 
instar, but a few of them become bent in 
the second instar. On the tibia, many 
spurs become bent in the third instar, and 
the percentage of bent spurs becomes 
highest in the adult. The percentage of 
bent spurs is lower on the femur than on 
the tibia from the third instar to the 


adult. A few double-bent spurs appear 
both on the tibia and femur in the third 
instar. On the tibia, the percentage of 


double-bent spurs gradually increases to 
the adult. On the femur, however, double- 
bent spurs are rare throughout develop- 
ment. Detailed analysis shows that spurs 
are always straight in the stadium in 
which they appear for the first time. 
Some of them become bent but not double- 
bent in the next stadium, and then become 
double-bent in the following stadium. 
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CHANGES IN SEA URCHIN EGG TROPOMYOSIN 
DURING FERTILIZATION AND DEVELOPMENT. 

T. Tobita and T. Ishimoda-Takagi, Dept. of 
Biol., Tokyo Gakugei Univ., Tokyo 


We investigated quantitative and quali- 
tative changes in tropomyosin (TM) iso- 
forms during fertilization and development 
of the sea urchin, Hemicentrotus pulche- 
rrimus. No obvious difference in the con- 
tent and state of TM isoforms was observed 
between unfertilized and fertilized eggs. 
A large amount of TM isoforms was detected 
in the cytosol fraction both in unferti- 
lized and fertilized eggs. This result 
Might indicate that much of TM isoforms 
are present in the soluble form and not 


bound to actin. The content of TM iso- 
forms seemed to increase until gastrula 
stage and then decrease gradually. The 


ratio of four TM isoforms present in the 
H. pulcherrimus eggs did not change during 
development. In order to detect TM iso- 
forms synthesized by embryonic TM gene, we 
prepared cross-hybridized eggs between H. 
pulcherrimus and Pseudocentrotus depre- 
ssus. Since electrophoretic mobility of 
P. depressus egg TM isoforms was different 
from that of H. pulcherrimus, we could 
recognize TM isoforms derived from each 
of two species as discrete spots on SDS 
gel. The cross-hybridized eggs developed 
normally until pluteus larvae and paternal 
TM isoforms were detected electrophoreti- 
cally after gastrulation. The results were 
similar between H.? x P.op’ and P.? x H.o”. 


A STUDY ON THE RELATION OF THE CELL CYCLE TO CELL 
DIFFERENTIATION IN DICTYOSTELIUM DEVELOPMENT. 
Tsuyoshi Araki and Yasuo Maeda 

Biol. Inst.,Fac.of Sci.,Tohoku Univ.,Sendai 980 


Dictyostelium discoideum axenic strain Ax-2 
cells grow and multiply by binary fission in the 
presence of nutrients. Upon exhaustion of 
Nutrients, starving cells aggregate and form 
multicellular structures with polar organization. 
Our recent study (Araki et al., 1993) using 
B-galactosidase as a cell marker and temperature 
shift method for cell synchronization clearly 
showed that cell-cycle dependent sorting occurs 
during development. Williams et al. (1989), using 
cell-autonomous marker, traced the origins of 
two types of prestalk cells (PstA and PstB 
cells) during development. After the aggregation 
stage, the behavior of Tl cells starved at the 
late G2-phase seems to be somewhat similar to that 
of PstA cells. In this connecton, it is of 
interest to know if PstA cells, PstB cells, or 
prespore cells have cell-autonomous backgrounds 
related to the cell-cycle phase. Studies along 
this line are under way, using double trans- 
formants " bearing both a stable cell marker and a 


cell-type specific marker. 
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GENE EXPRESSION ASSOCIATED WITH THE SWITCHOVER OF 
CELL PROLIFERATION TO DIFFERENTIATION : ANALYSIS 
USING DICTYOSTELIUM DISCOIDEUM CELLS 

Fumiyoshi Abe and Yasuo Maeda 

Biol. Inst. , Fac. of Sci., Tohoku Univ. ,Sendai 980 


The life cycle of the cellular slime mold 


Dictyostelium discoideum axenic strain Ax-2 


consists of |) the growth phase during which cells 
nultiply by binary fission,and 2) the differentia- 
tion phase after starvation. We have previously 
shown using synchronized Ax-2 cells that cells 
progress the cell cycle to a particular point 
(referred to as putative shift point; PS-point), 
irrespective of the presence or absence of 
nutrients, and enter the differentiation phase 
from this point under starvation conditions 
(Maeda et al., 1989). In this study, we examined 
gene expessions associated with the switchover of 
proliferation to differentiation at the PS-point. 
Using the method of differential screening, some 
promising genes (Quitl, Quit2, Quit3) were cloned. 
Their expressions were found to increase drastica- 
lly just after starvation around the PS-point. We 
are now advancing on elucidation the primary 


structures and functions of the genes. 


HIGH - MOLECULAR WEIGHT PROTEASES IN THE 
OAVRY OF STARFISH 

M. Takagi Sawada and K. Izumi. Div. of Biochem., 
Govern. Indust. Develop. Lab. Hokkaido, AIST, MITI. 
,Sapporo. 


High-molecular weight fractions were prepared from 
the ovary extract of starfish by gel filtration with Ultrogel 
AcA34 and were shown to hydrolyze succinyl-Leu- 
Leu-Val-Tyr-MCA, a fluorogenic substrate for 
chymotrypsin. The starfish protease activity was 
inhibited by trypsin inhibitors, leupeptin and its analogs. 
The concentrations required for a half inhibition of 
these inhibitors against chymotrypsin-like activity were 
in accordance with those against germinal vesicle 
breakdown, suggesting that the high-molecular weight 
protease involves in oocyte maturation. Then we 
purified this protease by several conventional 
chromatographic steps including DEAE-Cellulose, 
Phosphocellulose, MonoQ and gel filtration (Ultrogel 
AcA34 or Superose 6) and characterized its molecular 
properties. 


HISTOLYSIS OF PUPAL FAT BODIES IN ADULT 
HOUSEFLY MUSCA DOMESTICA. 

T. Hiraoka Dept. of Medical Entomol., National Institute 
of Health, Tokyo. 

The histolysis of pupal fat bodies in adult houseflies 
was compared with two different strains, autogenous and 
anautogenous strain. The number of fat body cells in male 
and female flies of both strains was 2,300 - 2,800 at just 
after adult emergence, but it decreased drastically by 
histolysis during the 96 h following adult emergence. 
Interestingly, the fat body cells isolated within the 3 h 
following adult emergence could be maintained in vitro for 
more than one week without histolysis. The pattern of 
protein bands in fat body cells by SDS-PAGE was no 
change during histolysis and no differences between two 
strains. The major protein in fat body cells was storage 
protein, while no vitellogenine was observed. These results 
clearly indicate that the occurrence of histolysis in fat body 
cells of adult houseflies is independent of ovarian 
development and is controlled by factor(s) according to 
adult aging. 


EXPRESSION AND DISTRIBUTION OF TROPONIN 
T ISOFORMS IN ADULT AND DEVELOPING 
SKELETAL MUSCLES OF QUAIL 

M.Kudo, Y.Yao and T.Hirabayasi. Inst.of 
Biol.Sci.,Univ.of Tsukuba, Tsukuba. 


In order to examine fast skeletal 
muscle troponin T isoform expression,we 
performed two-dimensional gel 
electrophoresis and immunoblotting tests 
with 18 skeletal muscles from adult 
quail. Judging from the similarity of 
expression patterns, 
classified into the following 3 types 
1) breast type 2) leg type 3) breast+leg 
type. These classification corresponded 
with those in the chicken, but the 
differences in number of the isoforms 


they were 


and in expression pattern of each types 


were found between quail and chicken. On 
the basis of these facts, we examined 
isoform expression pattern of developing 
quail muscles and found that a quail has 
its specific composition of troponin T 
isoforms in diffrent muscle tissues and 
at developmental stages. 
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THE AV-1 PROTEIN, A POSITION-SPECIFIC 
MOLECULE IN CHICK LIMB BUD, EXHIBITS 
POSITION-SPECIFIC EXPRESSION ALSO DURING 
EYE DEVELOPMENT. 

K. Ohsugi, E. Takayama and H. Ide. Biological Inst., 
Tohoku Univ., Sendai. 

The AV-1 protein is a cell membrane glycoprotein 
identified by a monoclonal antibody which exhibits 
position-specific expression during chick limb 
development. It is expressed in a restricted region of 
mesodermal cells as the cartilage pattern is determined. 
When the limb cartilage pattern is experimentally 
changed by local application of retinoic acid or grafting 
of a ZPA (zone of polarizing activity), the AV-1 
expression pattern is also changed, and is correlated 
with the change in skeletal pattern. This suggests that 
the AV-1 protein is one of the molecules which plays a 
role in the determination of the limb cartilage pattern. 

In this study, the AV-1 protein was purified and 
the antiserum against the AV-1 protein was made. To 
study whether this antigen plays some role in any 
developmental systems other than the limb cartilage 
pattern formation, we examined whether this antigen 
were expressed in any tissues other than limb bud 
during chick embryo development. We found that this 
antigen is expressed in a position-specific manner also 
during eye development, especially in the retina. 


TEMPORAL AND SPATIAL DIFFERENCES IN 
MESODERMAL CELL AFFINITY OF CHICK LIMB 
BUD IN VITRO. N.Wada, M.Omi and H.Ide. 


Biol. inst., Tohoku Univ., Sendai. 


It is suggested that the temporal 
and spacial differences in mesodermal 
cell characters of limb bud are important 
for final limb cartilage pattern. To 
investigate these differences, we mixed 
cells derived from progress zone (PZ) 
at different stages, cultured for 
20-24hr, and observed their distribution 
using chick-quail chimera or dye labeling. 
In the case of mixture of PZ cells at 
different stages, they were segregated 
each other, but no such segregation 
occurred between cells at same _ stage 
cells. PZ cells of early limb buds mixed 
well with the proximal cells of late limb 
buds, suggesting that temporal changes 
in cellular affinity may be maintained 
in the limb bud along proximo-distal axis, 
as spatial difference. Along anterior- 
posterior axis, Similar in the affinity 
difference in the affinitywas observed. 
Further, ceils prepared from the 
presumptive areas of digit 2, 3 and 4 
stage 27 limb buds segregated one 
another in mixed culture. 

These differences in cell affinity 
may reflect the difference in positional 
value in the limb bud, so the molecules 
related to these differential affinities 
may form the difference of the cartilage 
pattern of the limb. 


CHANGE OF POSITIONAL VALUE BY RETINOIC 
ACID IN DEVELOPING CHICK LIMB BUD 
K.Tamura. and H.Ide. 

Batolemslinis| pene bia Geee Oem Si\Ciecn malo no ium Uiniivas 
Sendai. 980. 

We have reported that retinoic acid 

(RA) posteriorizes and proximalizes limb 
cartilage pattern and Hox genes 
expressions in chick limb bud. In the 
present study. we show the results 
suggesting that RA can change the 
Positional value of liab cells 
posteriorly or proximally using in vivo 
and in vitro systems. When fragments 
taken from stage 24 chick limb bud were 
implanted into the distal region of 
stage 20 quail limb buds distributed 
in the autopod region. RA-treated 
fragments (stage 24). however, were 
present from zeugopod toautopod. and 
contributed to the cartilage formation 
of zeugopod in host. In mixed culture 
system, limb bud mesodermal cells 
derived from different stages (stage 20 
and stage 24) segregated, and those 
from same stage mixed homogenously. 
RA-treated stage 24 limb cells did not 
segregate from normal stage 20 limb 
cells, and they distributed uniformally. 
We obtained similar result also in 
BErUS OF BING ANUOCPOVOSUGPIOm Amis 
These results suggest that RA converts 
surrounding cells to ones which have 
proximal or posterior charactor of cell 
surface. 


MECHANISM OF LIMB DUPLICATION BY MRC-5 
S.Yonei', K.Tamura’., E.Koyama*, S.Noji*, 


"Biol. Inst., Tohoku Univ., Sendai. *Dept. 
Biochem., Okayama Univ. Dental School, 
Okayama andl *Dielpit. Biol Sci. ‘and 
Technol.. Tokushima Univ.. Tokushima. 

Grafting of the polarizing region to the 
anterior margin of chick limb bud leads 
to mirror-image duplication of cartilage 
pattern. We previously reported that MRC-5 
a fibroblast cell line derived from human 
embryonic lung, also could induce a 
duplication of the chick limb along the 
anteroposterior axis when implanted into 
the anterior region of presumptive limb 
bud at stage 14-17. In this study. we 
investigated the induction of AER and ZPA 
by the grafted MRC-5 cells. Twenty four 
hours after implantation, we clearly 
observed that the AER (apical ectodemal 
ridge), which was necessary to maintain 
the polarizing activity. was formed 
additionally from normal AER toward the 
grafted MRC-5 cells. In the case of MRC-5 
implantation into the posterior region of 
the limb bud, the additional AER was also 
induced. These results suggest that MRC-5 
cells can induce the AER anywhere in the 
limb bud. By the grafting of WRC-5 cells 
TNO MAC mec NLC Tail Os TATE MOM mn On bamt ane 
presumptive leg bud. the newly induced AER 
may maintain the polarizing activity, 
which is present weakly in the anterior 
region.at pre-limb bud stages and 
disappears when limb bud begins to 
elongate. 


46 Developmental Biology 


CULTURED DISTAL FRAGMENT OF CHICK LIMB 
BUD MAINTAINS THE ABILITY OF CARTILAGE 
PATTERN FORMATION OF DISTAL STRUCTURES. 
Mikiko Tanaka} Akihiko Watanabe Hiroyuki 
Idet Biol.Inst.,Tohoku Univ. and Biol. 
Inst., Yamagata Univ. 

Distal region of limb bud is important 
for the cartilage pattern formation 
along the proximo-distal axis.The apical 
ectodermal ridge (AER), a specialized 
epitherium at the tip of limb bud, 
interacts with the underlying limb bud 
mesenchyme in this region. As a result 
of this interaction, the pattern specif- 
ication proceeds along proximo-distal 
axis, but the mechanism of this interac- 
tion is unknown. In order to facilitate 
the analysis of this mechanism, we 
attempted to establish a culture system 
of distal limb bud tissue retaining the 
ability of the pattern formation. 

We cultured the distal fragment of 

limb bud including the AER on monolayer 
culture of distal limb mesodermal cells 
in Fl2 medium containing 1%FCS for two 
days.When the cultured fragment was 
grafted to a wing bud stump, it can form 
complete digits.This result suggests 
that the cultured fragments maintained 
the function of the AER and the ability 
to form distal cartilage structures. 


EFFECTS OF ANTISERUM AGAINST THE AV-1 
PROTEIN, A POSITION-SPECIFIC MOLECULE IN 
CHICK LIMB BUD, ON THE CARTILAGE PATTERN 
FORMATION. 

E. Takayama, K. Ohsugi and H. Ide. Biological Inst., 
Tohoku Univ., Sendai. 

The AV-1 protein is a cell membrane 
glycoprotein. It is expressed in the developing chick limb 
in a stage- and position-specific manner which appears 
to correlate with cartilage formation. When the mirror- 
image duplication of cartilage pattern was caused by 
local application of retinoic acid or grafting of a ZPA, the 
AV-1 protein was also expressed in a duplicated pattern 
prior to overt cartilage pattern duplication. These 
results suggest that AV-1 protein is involved in 
determination of the cartilage pattern formation in 
chick limb bud. However, little is known about the 
actual function of AY-1 protein. 

In this study, we purified the AV-1 protein by 
affinity column chromatography and made rat 
antiserum against AV-1 protein. To examine the effect 
of the antiserum on chick embryo development, it was 
injected into the blood vessel of chick embryos at early 
stage and then these embryos were allowed to develop 
to observe cartilage patterns. After this injection, 
defects which seems to be correlated with the 
expression pattern of the AV-1 were observed in the 
cartilage pattern of limb buds in several embryos. 


EFFECTS OF BASIC FGF ON PROGRESS ZONE CELLS 
CONCERNING WITH CARTILAGE PATTERN FORMATION OF 

CHICK LIMB BUD. 1 
A.Watanabe> J.Kimura, K.Ohsugi, A.Kuroiwa, and 
H. Ide. Biol. Inst.,Tohoku Univ. 2Dept.Mole. Biol. 
Nagoya Univ. and2Biol.Inst., Yamagata Univ. 

Progress zone (PZ) , distal mesodermal region 
of limb bud is known as a field of cartilage 
pattern formation along the proximo-distal 
axis.By the influence of the apical ectodermal 
ridge (AER),PZ cells keep the specific charac- 
teristics,e.g.Msxl expression, and the ability 
to form distal structures.We have already 
reported that basic FGF(bFGF) can maintain the 
characteristics of PZ cells of chick limb bud 
in vitro.This result suggested that bFGF may 
be a PZ maintenance factor from the AER. 

In this study, we investigated the distribu- 
tion of FGF protein in the chick limb bud by 
the immunofluoresence staining using anti-bFGF 
antibody.All region of the limb bud was weakly 
stained by this antibody and especially AER 
and PZ mesoderm were strongly stained. This 
result supports the possibility that FGF pro- 
tein acts as PZ maintenance factor in vivo. 

Furthermore, to analyse the effect of FGF on 
cartilage pattern formation along proximo- 
distal axis,1l day cultured PZ cells of st.20 
and 22 quail limb buds were grafted just be- 
neath the AER of st.20 chick limb bud. For 
Sdays,PZ cells cultured with FGF fit well with 
the normal cartilage pattern of host limb. And 
it was also seen that st.20 PZ cells formed 
cartilage mainly from radius or ulna and st.22 
PZ cells formed digit,suggesting that cultured 
PZ cells keep their original characteristics. 
To confirm this result we are now analysing 
in vitro expression pattern of HoxAll and 
HoxAl3,which is thought to reflect cartilage 
paienn specification at middle and distal 
evel. 


EFFECT OF ACTIVIN ON THE DIFFERENTIATION 
OF CHICK MYOGENIC CELLS IN VITRO 


°M.SHIOZUKA, T.HIRAISHI and I.KIMURA. 
Dept. of Basic Human Sci., Sch. of Human Sa. Waseda Univ., 
Tokorozawa. 


Activin is a member of the TGF-B superfamily 
and has a variety of biological functions, such as 
mesoderm-inducing activity. 

We examined the effect of activin A on the 
invitro differentiation of myogenic cells from breast 
muscle of chick embryos. 

Our findings were that, as judged by the 
accumulation of creatine kinase, activin A inhibited the 
myogenesis dose-dependently and that the inhibitory 
activity was suppressed by follistatin, an activin- 
binding protein which inhibits the bio-activities of 
activin. The data suggest that the inhibitory activity of 
activin A is not exerted in the proliferation phase but in 
the subsequent commitment or differentiation phase. 

We refer to the relationship between activin and 
myogenic cell differentiation and the difference in the 
mode of action between activin and TGF-B. 
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ROLE OF TYROSINE PHOSPHORYLATION 
IN THE REGULATION OF MYOGENIN 
EXPRESSION 

N. Hashimoto, M. Ogashiwa and S. Iwashita. 
Mitsubishi Kasei Inst. of Life Sci., Machida, Tokyo 
194. 

Protein tyrosine phosphorylation has been shown 
to be crucial in the signal transduction pathway 
upon cell differentiation as well as cell proliferation. 
Thus, we examined the role of protein tyrosine 
kinases in the regulation of myogenesis by 
myogenin, a myogenic determining factor. 
Genistein, an inhibitor of protein tyrosine kinase, 
severely inhibited myotube-formation and reduced 
myogenin protein levels in differentiating myoblasts 
through the inhibition of the transcription of 
myogenin gene in a dose-dependent manner. 
Furthermore, genistein inhibits the transactivation of 
myosin heavy chain gene by constitutively 
expressed myogenin. Therefore, it is suggested 
that protein tyrosine kinase is involved in 
posttranslational regulation of myogenin function as 
well as transcriptional regulation during 
myogenesis. 


LOCALIZATION MECHANISM OF THE MUSCLE 
DETERMINANTS IN THE ASCIDIAN EGGS. 

K. Ashida! and T. Nishikata?. 'Fac. of Sci., Kobe 
Univ., Kobe. Fac. of Sci., Konan Univ., Kobe. 


The myoplasm of the ascidian egg is the place 
where the muscle cell determinants are localized. 
The localization mechanism of the myoplasm has 
been analysed with the experiments using 


cytoskeletal inhibitors. In those experiments, 
the myoplasm was monitored by its components, 
mitochondria and pigment granules. The 
localization movement, called ooplasmic 


segregation, could be distinguished into two 
phases. The first phase of ooplasmic segregation 
which operated by microfilaments occurred just 
after fertilization. The second phase moved with 
the pea aster driven by microtubles. 
muscle determinants are _ maternal 
substance that are thought to direct the muscle 
cell differentiation process. This muscle 
determinants should be directly or andivectly, 
associated with the cytoskeleton and Se pme pate 
with the myoplasm. Myoplasmin-Cl and p5 ich 
are very. important for the muscle cell 
differentiation distributed exactly the same 
region of the myoplasm. p58 is thought to be a 
member of the intermediate filaments and 
myoplasmin-Cl may associate with the 
cytoskeleton. Both of these molecules formed a 
complex in vitro and suggested as the components 
of the localization mechanism of the_ muscle 
determinants. What kind of cytoskeletal filaments 
are important for the segregation movement of 
hese molecules is yet to be answered. 
In this paper, griseofulvin and cytochalasin 
B were used as polymerization inhibitors of 
microtubles and microfilaments respectively. 
Cytochalasin B stopped the first phase of 
segregation movement of these molecules and 
griseofulvin blocked the second phase of it. This 
results showed that the myoplasmin-Cl and p58 
segregated by the same mechanism as that of the 
myoplasm. This might suggest that these 
molecules associated with these cytoskeletal 
filaments and functioned as_ the localization 
mechanism of the muscle determinants. 


UV-SENSITIVITY OF THE CYTOPLASMIC 
FACTORS RESPONSIBLE FOR MUSCLE 
DIFFERENTIATION OF THE ASCIDIAN CIONA 
SAVIGNY! 

Y. Marikawa and N. Satoh 

Dept. of Zoology, Fac. of Sci., Kyoto Univ., Kyoto. 


Ascidian eggs are known to contain 
cytoplasmic factors responsible for larval muscle 
differentiation. Previously, we prepared four types 
of fragments from eggs of C. savignyi.i. e., black, 
clear, brown and red fragments. When 
inseminated, only red fragments cleaved and 
gave rise to partial embryos. In these embryos, 
epidermal cells were differentiated but muscle 
cells were not. When red fragments were fused 
with black fragments, muscle cells developed from 
the fused fragments. These results suggest that 
black fragments contain the factors for muscle 
differentiation. In present study, we examined the 
sensitivity of these factors for uv irradiation. When 
black fragments were irradiated with uv-light (1.0 x 
10°J/mm‘?), muscle- -promoting ability 
disappeared. Therefore, it is likely that the factors 
responsible for muscle differentiation in ascidian 
eggs are uv-sensitive. 


PERSISTENT EXPRESSION OF TROPONIN T ISOFORMS IN 
TRANSPLANTED CHICKEN SKELETAL MUSCLE 

Y. Yao and T. Hirabayashi, Inst. of Biol. Sci., 
Univ. of Tsukuba, Tsukuba 


We investigated the expression of skeletal 
muscle troponin T in chicken reared for six 
months after muscle transplantations of breast 
muscle into leg muscle, leg muscle into breast 
muscle, and slow muscle into breast and leg 
muscles. Persistent expression of troponin T 
isoforms specific to donor tissue was observed 
in the regenerated muscle, and compared with 
their expression in the normal developing 
muscles. During the regeneration, the cells 
grew up and expressed troponin T in a manner 
Similar to that in normal developing muscles, 
and on around the 178th day after the 
transplantation, the regenerated muscle 
expressed the adult type troponin T isoforms. 
We consider that one type of skeletal muscle 
has some tolerant potential to grow in and 


coexist ‘with other types for a long term. 
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DEVELOPMENTAL CHANGES OF EXPRESSION OF 
PARVALBUMIN IN THE SKELETAL MUSCLE OF 
BULLFROG 

K. Umezawa, M. Sugita, K. Yamashita, K. 
Yamamoto, S. Kikuyama and T. Obinata* 
Dept. of Biol., Sch. of Educ., Waseda 
Univ., Tokyo 169-50, *Dept. of Biol., Fac. 
of Sci., Chiba Univ., Chiba 260. 


In anurans, hind limbs develop as 
Metamorphosis proceeds and become 
functional as they complete metamorphosis. 
Two-dimensional electrophoretic analysis of 
the whole lysates of skeletal muscles of 
larval and adult hind limbs revealed that a 
spot of protein with approximatcly 10 kDa 
and pI value of about 4.5 appears only in 
the subadult (30 days after metamorphosis) 
and adult muscle. The developmental change 
in expression was observed most remarkably 
in this protein. Partial fractionation of 
this protein showed that it exists in 
soluble cytoplasmic fraction. In order to 
specify the protein, the protein spots were 
isolated from the electrophoretic gels and 
the sequence of N-terminal 30 amino acid 
residues was determined. The sequence 
showed 96.7% identity with the sequence of 
bullfrog parvalbumin stored in the Swiss- 
Prot protein sequence database. Therefore, 
we conclude that the 10 kDa protein is 
identical with parvalbumin. This protein is 
well-known to exist in amphibian adult 
skeletal muscle. This report first 
describes in the immature skeletal muscle. 


APOPTOSIS OF VASCULAR ENDOTHELIAL CELLS BY 
FEEL GROWTH Aeties DEPRIVATION 


Kaj}, . Araki . Shimada and H. 
eer pe pace Inst. Gerontol., 
Tokyo, Dept Mol. Biol., Nagoya Univ., 
Nagoya, National Inst. Radiological 


Sciences, Chiba. ss 
Survival and proliferation of many types 


of endothelial cells are influenced by 
fibroblast growth factor (FGF). Removal of 
FGF from the medium of human umbilical 
vein endothelial cells resulted in death 
of the cells. The death caused by 
deprivation of FGF is active death or 
apoptosis. The process of apoptosis can 
be inhibited by cycloheximide, an 
inhibitor of protein synthesis. In order 
to investigate the signal transduction 
system that regulates endothelial 
apoptosis, we studied the effects of 
several mitogenic factors. Only FGF 
inhibited apoptosis without a requirement 
of any cooperative factors, as distinct 
from the mitogenic response. Other 
mitogenic agents, such as epidermal growth 
factor, transferrin, transforming growth 
factor beta, and interleukin 1 had no such 
inhibitory effects. The effect of FGF was 
mimicked by a phorbol ester and was 
prevented by an inhibitor of protein 
kinase C. The results suggest that the 
FGF and protein kinase C are important in 


endothelial apoptosis. The mechanism may 
be important for the regulation of 
vascular organization through the 


degeneration of vessels. 


RESEARCH OF PROTEIN IN HEMORRHAGIC SNAKE VENOM 
WHICH INDECES APOPTOSIS TO HUMAN UMBILICAL VE- 
IN ENDOTHELIAL CELLS 

NANO BO 5 WowSmMNAYS IM oieapie, So Neale. 
H.Hayashi'. ‘Sugashima M.B.L.Nagoya Univ,Toba, 
@Tokyo Metropolitan Inst.Gerontology,Tokyo 


We have already proved that hemorrhagic 
snake venom caused apoptosis (programmed cell 
death) to human umbilical vein endothelial ce- 
lls in vitro. In order to identify active 
compound(s) contained in a crude preparation 
of hemorrhagic snake venom, a considerably la- 
rge amount of a crude preparation of habu ven- 
om (Trimeresurus flavoviridis) was purchased 
commercially. The active compound(s) was very 
likely protein(s) since apoptosis-inducing ac- 
tivity was completely lost after heating solu- 
tion of venom at 80°C for 2 hrs. Furthermore, 
fractionation of venom on molecular sieves su- 
ggested that the molecular weight of the acti- 
ve compound(s), presumably a single, was in a 
range of 10~ 30kD. The apoptosis-inducing 
activity of the component was antagonized by 
fibroblast growth factor that acts as a survi- 
val factor on endothelial cells. The putative 
active component is likely a basic protein so- 
mewhat similar to fibroblast growth factor in 
its molecular size, electric properties, and 
presumably the receptor protein. 


EFFECTS OF GROWTH FACTORS ON PROLIFERA- 
TION AND DIFFERENTIATION OF THE SCLERAL 
FIBROBLASTS OF THE CHICK EMBRYO. 
M.Hayashibe, Y.Ohya and K.Watanabe 

Fac. of Integrated Arts and Sci., 
Hiroshima Univ., Hiroshima. 


The scleral fibroblasts of the chick 
embryo are prechondrocytes, which rapidly 
proliferate without manifesting any dif- 
ferentiative traits in protein-free mono- 
layer culture. But they differentiate 
into chondrocytes in the conditions of 
soft agar culture or micromass culture. 
To understand the regulating mechanisms, 
we separated autocrine growth factors 
from the conditioned medium of the cells 
and compared their effects with those of 
known growth factors in soft-agar culture 
or micromass culture. @Fetal bovine 
serum promoted both proliferation and 
differentiation of the prechondrocytes in 
soft agar. @ bFGF strongly promoted cell 
proliferation, but inhibited cartilage 
differentiation in soft agar. @An auto- 
crine growth factor manifested bFGF-like 
effects. @In micromass culture, bFGF 
promoted cartilage differentiation. © In 
soft-agar culture, TGF-8 inhibited the 
bFGF-dependent proliferation of the 
prechondrocytes. However, as to the dif- 
ferentiated chondrocytes, TGF-8 promoted 
the bFGF-dependent proliferation syner- 
gistically. The roles of the factors 
were discussed. 
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INTERCELLULAR JUNCTION OF EPIBLAST IN THE 
EARLY CHICK EMBRYO 

S. Takeuchi. Dept. of Biol.Sci., Fac. of 
Sci.,Kanagawa Univ., Kanagawa. 


The chick embryo at the beginning of gas- 


trulation is under two antagonistic force: 
outward tensile force caused by epiboly 
and inward one, by convergence. The inter- 
cellular junction might counteract against 
such force to maintain the integrity of 
embryo. 

The spatio-temporal changes in the inter- 
cellular junction along the course of gas- 
trulation are surveyed. In the chick embryo 
from St.2 to St.4(Hamburger & Hamiliton,19 
51), the epiblast cells just before prim- 
itive streak(EPs), those at marginal area 
(EMarg), and those at the midpoint between 
EPs and EMarg(EMid) were treated with an 
ordinary procedure and observed with a 
transmission electron microscope. 

EMarg and Emid were characterized with low 
profiles endowed with significant numbers 
of desmosomes and complicated interdigitat- 
ion, at the junction, while EPs, elongated 
and pseudostratified, without desmosome but 
with simple interdigitation. The implicat- 
ion of those observation was discussed. 


CHEMOTAXIS OF THE PRE-STREAK STAGE 
EPIBLAST CELLS TO THE POSTERIOR MARGINAL 
ZONE IN THE CHICK EMBRYO 

R. Toyoizumi and S. Takeuchi. Dept. Biol. Sci., Kanagawa 
Univ., Hiratsuka. 

In the chick embryo, epiblast cells form a fan-shaped 
cell condensation at the posterior end of area pellucida at 
st. 2 of Hamburger and Hamilton's table, which develops 
to be primitive streak. It has been revealed that posterior 
marginal zone (PMZ) adjacent to the posterior end 
induced the prestreak stage epiblast to form the cell 
condensation aside. We tested the idea that the PMZ 
secretes the soluble chemoattractant and part of the 
epiblast cells come to the posterior end through 
chemotaxis. 

The PMZs of the prestreak stage embryo were 
dissected out and cultured for two days, then the 
conditioned medium were soaked into the small amount 
of anion exchange ion beads or some other kind of beads 
for 2 hours. Posterior epiblast was dissected from the 
prestreak stage embryo and fragmented into small 
pieces as far as possible. The fragments were cultured for 
1 hour on fibronectin substratum, then, some 
conditioned beads were seeded into the medium. 
Behavior of the smallest fragments about 100 pm distant 
from a bead were recorded for a few hours with time- 
lapse videotape recorder. 

The beads caused chemotaxis of the epiblast explants. 


THE LDH PATTERNS OF THE BIRD EMBRYO AND 
MAMMALIAN FETUS. 

K.Nonoyama*, H.Tanaka* and H.Hasegawa** 
*Aichi Univ. of Educ., Kariya and **Chukyo 


WOmans Univ., Ohbu. 


The enzyme lactate dehydrogenase, LDH 
composed with five isoenzymes, activity 
provides us not only with a following up 
approach to the features of an organ and 
the passage to differentiation associated 
with its genesis, but also with a diagno- 
sing approach to hepatophathy.The authors 
investigated on the changes of LDH compo- 
sition ratios of the developing bird emb- 
ryo and growing mammalian fetuses.The LDH 
patterns of the chick,Nagoya cochin, emb- 
ryo were as follows: LDH 1 and 2 = 23.3 
and 76.7 after 8 days incubation, 21.6 and 
78.4 after 12 days, and LDH 1, 2 and 3 = 
25.6, 66.8 and 7.6 after 16 days, and then 
the values of the liver LDH 1 and 2 of the 
chicken hatched after 31 days were 86.6and 
13.4 respectively. The liver LDH patterns 
of growing mouse fetus were 2,4 and 5=3.4, 
19.1 and 77.5 after 14 days of growing,and 
lp Op 3p @ Geel 5 2 oA, WoB, SoGp V7/oA ainel 
76.4 after 19 days,and then 2.7, 1.2, 4.7, 
6.8 and 84.6 on 20 days after its birth. 
The liver patterns of growing human fetus 
were LDH 1, 2, 3, 4 and 5 = 12.4, 38.5, 
38.9, 4.5 and 5.7after 4 weeks of growing, 
and 6.0, 30.3, 41.0, 18.9 and 3.8 after 16 
weeks, and then 13.6, 24.4, 22.7, 34.5 
and 4.8 after 23 weeks respectively. 


CHANGES IN EXPRESSION PATTERN OF INTESTINAL 
FATTY ACID BINDING PROTEIN GENE DURING 
METAMORPHOSIS OF XENOPUS TADPOLES 
A.Ishizuya-Oka!, Y.-B.Shi2, H.Takeda3, and 
A.Shimozawat 4Dept. of Anat., Dokkyo 
Univ. Sch. of Med., Tochigi, 2Lab. of Mol. 
Embryol., NIH, Bethesda, USA, and 3Tsukuba 
Center, RIKKEN, Tsukuba. 


The intestinal fatty acid binding protein 
(IFABP) gene of Xenopus laevis tadpoles is 
known as a thyroid hormone response gene, 
and its expression is restricted to the 
intestine. In the present study, to 
identify cells producing IFABP in the 
metamorphosing intestine, we investigated 
the gene expression by in situ hybridiza-—- 
tion using DIG-labelled RNA probes. In all 
stages examined, the transcripts were 
detected only in epithelial absorptive 
cells but not in goblet cells or other 
tissue cells. At stage 60, positive cells 
in the larval epithelium rapidly decreased 
in number, although epithelial structures 
such as the brush border still remained 
intact. In contrast, in the adult epithe— 
lium, positive cells were detected by stage 
63, and then rapidly increased in number. 
These results indicate that, before morpho- 
logical changes take place at the cellular 
level, the gene expression is repressed in 
the larval epithelium but is activated in 
the adult one during metamorphic climax. 
IFABP gene may be useful for detecting 
metamorphic changes of the epithelium 
induced by thyroid hormone. 
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FATE MAPPING STUDY OF THE ENDODERM OF THE 
1.5-DAY-OLD CHICK EMBRYO. 

S.Matsushita. Dept. of Biol., Tokyo Women’s 
Medical College, Tokyo. 

Various portions of the endoderm between 
the ist and 10th somite-level of 1.5-day 
chick embryos were marked by local applica- 
tion of DiI, and the fate of the marked 
cells was analyzed after cultivation for 2 
days in vitro. 

The presumptive digestive tract area 
anterior to the jejunum was found to extend 
bilaterally from the midline of the embryo 
with width two or three times as large as 
that between the midline and the lateral 
edge of the somite. Either side of this 
area contributed cells in the same side of 
the digestive tract tube. The anterior or 
posterior portion generally contributed 
cells in the anterior or posterior region 
of the digestive tract, respectively, but 
the cells originated from the portion situ- 
ated farther from the midline took the more 
ventral and posterior position. Thus, the 
lateral portions of the presumptive diges- 
tive area on both sides were shifted poste- 
riorward as they were brought together in 
the midline to fuse each other and to form 
the digestive tract tube as in the case of 
splanchnic mesoderm (Matsushita, '91). The 
presumptive area of each digestive organ in 
the endoderm was found to be located in a 
more anterior position than that in the 
splanchnic mesoderm (Matsushita, '91). 


THE EXPRESSION OF PEPSINOGEN IN THE 
DIGESTIVE TRACT EPITHELIUM CULTURED 
WITH THE LUNG MESENCHYME. 


K. Urase and S. Yasugi. Dep. Biol., Fac. Sci., 
Tokyo Metropol. Univ., Tokyo. 


In the development of the embryonic chicken 
stomach, the mesenchymal factors exert profound 
influence on the determination of the epithelial 
differentiation into proventriculus (PV) or gizzard 
(GZ) epithelium. When GZ epithelium was re- 
combined with PV mesenchyme, it expressed 
embryonic chicken pepsinogen (ECPg), a marker 
protein of PV epithelium, while with esophageal or 
intestinal mesenchyme, it expressed small amount of 
ECPg. In the present study, we recombined PV and 
GZ epithelia with lung mesenchyme. These epithelia 
expressed ECPg intensively. GZ mesenchyme 
strongly inhibited ECPg expression in the epithelia. 
These results suggest that both epithelia possess the 
same ability of ECPg expression and if they are 
subjected to the proper conditions, they can equally 
express ECPg. We postulate that the in vivo control 
of the ECPg expression in the stomach epithelia is 
due mainly to inhibitory effects of GZ mesenchyme. 


Tissue-S pecific Expression and Methylation of 
Embryonic Chick Pepsinogen Gene 
K. Fukuda!, H. Saiga?, K. Shiokawa! and S.Yasugi 2 


1Zool. Inst., Fac. Sci., Univ. Tokyo, and *Dep. of Biol., Fac. 
Sci., Tokyo Metropolitan Univ., Tokyo. 


Embryonic chick pepsinogen (ECPg) is a marker protein 
of the proventricular (PV) epithelial cells. During normal 
development, expression of the ECPg gene is restricted to 
the PV epithelium in embryonic period up to day-18 of 
incubation. Since the pepsinogen genes are 
hypomethylated in the rat and human stomach where the 
genes are expressed (Ichinose et al., 1988), it is possible 
that DNA hypomethylation leads to activation of the 
ECPg gene. We then analyzed the correlation between the 
extent of methylation and the expression of the ECPg 
gene using methylation-sensitive restriction enzymes, 
Hpa II and Hha I as well as non-sensitive Msp I. In PV 
some CpG sites undergo demethylation after the onset of 
transcription of the ECPg gene. By contrast these sites are 
kept methylated throughout the development in the 
tissues which do not express the ECPg gene. The 
demethylated CpG sites, however, were not methylated in 
the PV of a chick 2 weeks after hatch when the 
expression of the ECPg gene has completely ceased. The 
data presented here demonstrate that the DNA 
methylation is involved in the regulation of tissue- 
specific expression but stage-specific expression might be 
brought about by some other mechanisms. 


PRIMARY CULTURE OF PROVENTRICULAR 
EPITHELIAL CELLS FROM CHICKEN EMBRYOS. 

H. Tabata and S. Yasugi. Dep. Biol., Fac. Sci., 
Tokyo Metropol. Univ., Tokyo. 


To establish the in vitro system for analyzing 


the mesenchymal influences on the dif- 
ferentiation of the epithelial cells of the chicken 
embryonic digestive tract, we tried the primary 
culture of the proventricular epithelial cells. 
The proventriculi of 6.5-day chicken embryo 
were removed and treated with collagenase to 
separate the epithelial sheet from the mes- 
enchyme. The epithelium was disaggregated 
into pieces of about 100 cells by pipetting. 
These pieces were cultured under various 
conditions and their proliferation was assayed 
by MTT method. Cells proliferated better in 
Ham's Fi2 than in DMEM, Earl's 199 or 
MCDB153. The presence of collagen as a matrix 
did not affect the growth rate of cells. The 
optimal concentrations of growth factors tested 
were as follows; insulin 10ug/ml, cholera toxin 
lpg/ml, EGF 10yg/ml, bovine pituitary extract 
100yug/ml. Fetal bovine serum, added in 
medium containing growth factors, enhanced 
the growth rate additively, while horse serum 
inhibited the cell growth. 
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REVERSIBLE INCREASE OF ALKALINE PHOSPHATASE 
SPECIFIC ACTIVITY IN F9 EMBRYONAL CARCINOMA 
CELLS TREATED WITH SODIUM BUTYRATE (NaBu). 
H. KATOH and T. MATSUZAWA 

Lab. of Cell & Dev. Biology, Dept. of Biol. 
Osaka Kyouiku Univ., Osaka 543 


Reversible endodermal differentiation 
was studied in F9 cells induced by NaBu. 
The morphological change to the endodermal 
cells and the increase of ALPase specific 
activity was seen rapidly even at 4 hr. 
after the treatment with NaBu (5 mM), and 
these differentiative characteristics re- 
ached to the maximum levels at 28 hr. 
after the treatment. Laminin mRNA of the 
specific trait of the endodermal cells was 
also positive at 28 hr. in the Northern 
dot blot hybridization with cDNA. These 
endodermal phenotypes of the treated F9 
cells were maintained in the presence of 
NaBu. However, with treatment of NaBu for 
16 hr. and at 12 hr. after the removal of 
NaBu, all the examined phenotypes of the 
endodermal F9 cells were reverted re- 
versibly to their original levels of the 
undifferentiated F9 cells. Furthermore, 
the reversible decrease of ALPase specific 
activity was interfered with actinomycin D 
(0.0005 mg/ml) and cycloheximide (0.002 
mg/ml). These results infer that reversi- 
bility of the endodermal differentiation 
of F9 cells induced by NaBu treatment de- 
pends on de novo syntheses of some mRNA(s) 
and protein(s) of the realizator gene(s). 


HETEROGENEOUS EXPRESSION OF GLUTAMINE 
SYNTHETASE AND CARBAMOYLPHOSPHATE SYNTHE-— 
TASE I IN TESTICULAR TRANSPLANTS OF FETAL 
MOUSE LIVER. 

N. Shiojiril, J: Wadal, mM. Noguchi)’, M. 
Ito-, T. Tanaka“ and R. Gebhardt”. Dept. 
Biol., Fac. Sci., Shizuoka Univ. Dept. 
Pathol., Gifu Univ. Med. Sch. and “Physiol. 
Chem. Inst., Univ. Tubingen, FRG. 


In mammlian liver, glutamine synthetase 
(GS) and carbamoylphosphate synthetase I 
(CPS) are complementarily expressed. GS is 
localized to a narrow zone of pericentral 
hepatocytes that does not express CPS. 
The present study was undertaken to reveal 
whether or not humoral factors in the 
blood stream in the liver lobule determine 
their complementary expression. 

Fetal Liver fragments of C3H/HeSle mice, 
where the heterogeneous expression pattern 
of both enzymes did not develop yet, were 
transplanted into testes of syngeneic male 
mice for 2 months, and localization of GS 
and CPS in the transplants was examined by 
immunofluorescence. GS was heterogeneous— 
ly expressed only in pericentral hepato- 
cytes of all testicular transplants, but 
some pericentral hepatocytes did not ex- 
press GS. In contrast, other hepatocytes 
not located around hepatic veins in the 
transplants expressed CPS as seen in adult 
liver, but not GS. Therefore, factor(s) 


tightly connected to hepatic veins, not 
diffusible ones in the blood stream, might 
regulate localized expression of GS. 
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THE PROLIFERATION AND 
DIFFERENTIATION OF EPIDERMAL 
MELANOCYTES FROM NEWBORN (HR-1 X 
HR/De)F{ HAIRLESS MICE IN A SERUM- 
FREE CHEMICALLY DEFINED MEDIUM. 

R.Furuya!, S.Akiu’, M.Fukuda!, and T.Hirobe2. 
\Shiseido Skin Biol. Res. Lab., Yokohama and 
2Division of Biol., Natl. Inst. Radiol. Sci., Chiba. 


To clarify the mechanism of formation of 
pigmented spots in the skin, (HR-1 X HR/De)F1 of 
hairless mice were used in this study. These mice 
developed by Shiseido Res. Lab. are known to 
produce pigmented spots in the epidermis of dorsal 
skin after repeated exposures to UVB. We report here 
the proliferation and differentiation of newborn 
melanocytes in a serum-free chemically defined 
medium supplemented with dibutyryl CAMP (DBcAMP) 
and/or basic FGF (bFGF). This medium dose not 
contain 12-O-tetradecanoyl phorbol 13-acetate. The 
differentiation of primary melanocytes was induced by 
the addition of DBcAMP. In contrast, the sustained 
proliferation of primary melanocytes was induced by 
the addition of both DBcAMP and bFGF. The 
epidermal melanocytes could be subcultured and 
proliferated in the serum-free medium supplemented 
with the two factors in the presence of keratinocytes, 
but not in the absence of keratinocytes. This culture 
system is expected to clarify the mechanism of 
formation of pigmented spots in hairless mice. 


EFFECTS OF PROTEIN KINASE C ACTIVATORS 
AND INHIBITORS ON THE PROLIFERATION OF 
MOUSE EPIDERMAL MELANOBLASTS IN CULTURE. 
TT. Hirobe. Div. of Biloll., Natl. Insit- 
Radiol. Sci., Chiba 


Disaggregated epidermal cell suspensions 
derived from newborn mouse skin were plated 
in a serum-free melanoblast proliferation 
medium. Preferentially melanoblasts began 
to proliferate and keratinocytes gradually 
decreased, and after 12 days pure melano- 
blasts and melanocytes could be obtained. 
Melanoblasts did not proliferate any more 
in the absence of keratinocytes. In order 
to clarify the mechanism of melanoblast pro 
-liferation, numerous substances were added 
to the culture medium at 12 days of primary 
culture and tested for their mitogenic 
activity. Epidermal melanoblasts incresed 
in number after the addition of protein 
kinase C (PKC) activator, 1l-oleoyl-2-acetyl 
-glycerol and N-(6-phenylhexyl)-5-chloro-1- 
naphthalenesulfonamide to the culture medi- 
um. Similarly, they dramatically increased 
in number after the addition of PKC inhib- 
itor, 1-(5-isoquinolinesulfonyl )-2-methyl- 
piperazine and staurosporine. In contrast, 
no increase in the number of melanoblasts 
was observed in the dishes cultured with 
medium containing both the PKC activator 
and inhibitor. These results suggest that 
the proliferation of mouse epidermal mela- 
noblasts in culture is regulated by unknown 
substances that may be induced by the 
activation or inhibition of PKC. 
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GENOMIC CLONING OF THE EMBRYONIC EPIDERMAL 
DIFFERENTIATION-SPECIFIC GENE. 

M.Ogawa', T.C.Takahashi**, K.Takeshima? 
"Graduated School of Human Informatics and 
“Radioisotope Research Center, Nagoya Univ., Nagoya. 
*Biohistory Research Hall, Takatsuki. 

Embryonic epidermal differentiation-specific gene, 
isolated from newt neurula cDNA library (DGD, 34, 
277-283, 1992), showed very interesting features. 
Northern analyses revealed that the transcripts were 
detected in some specific adult tissues including skin, 
eye, stomach, and tongue. Their apparent sizes were 4 
kb and 2.9 kb, but in stomach we detected 3.5 kb 
transcript only at low stringency. More interestingly, 
the transcripts changed their sizes drastically at 
metamorphosis. Before metamorphosis, they were 2.3 
kb and 1.9 kb long. During metamorphosis, both 
embryonic and adult transcripts were detected. To 
analyze the transcriptional regulation, we tried the 
isolation of genomic clone(s). A genomic library 
prepared from swimming larvae of Cynops 
Pyrrhogaster was screened using the Pvu II-Hpa I 
fragment of the embryonic epidermal differentiation- 
specific cDNA, pG3m11N138-48, as probe, and we 
obtained 2 distinct clones (15 kb and 14.5 kb long) for 
the gene. Further analyses of these clones are in 
progress. 


BASAL DISK FORMATION IN HYDRA; CORRELATION 
BETWEEN THE BASAL DISK GLAND CELL 
DIFFERENTIATION AND THE RFamide POSITIVE NERVE 
NET FORMATION IN THE BUDDING FOOT 


Y.KOBAYAKAWAL H.AMANO2 & O.KOIZUMI2 
' Biol. Lab., Col. of Genl. Educ., Kyushu Univ., Fukuoka, ? Physiol. Lab., 
Dept. Sci., Fukuoka Women's Univ., Fukuoka 


In the foot region, RFamide+ neurons are located in 
the peduncle, but not in the basal disk in Hydra magnipapillata. 
Ectodermal epithelial cells also show such a position dependent 
characters. In the basal disk, epithelial cells are special mucous 
secreting cells (BDGCs; Basal Disk Gland Cells), but are not in 
the peduncle. 

We demonstrated that during the foot regeneration in 
hydra the epithelial cell differentiation precedes the change of 
neuropeptide phenotype in nerve net. 

In the present study, we examined the temporal and 
spatial correlation between the BDGCs differentiation and the 
appearance of the RFamide positive neurons in the budding 
foot. Different from the case of the foot regeneration, we could 
not observe certain precedence of the epithelial cell 
differentiation. We could observe no sample that had 
differentiated BDGCs but had not shown the RFamide positive 
neurons. On the spatial pattern, however, the RFamide positive 
neurons appeared only in the forming peduncle region of the 
buds' feet in the same way as the foot regeneration case. 


IN VITRO INDUCTION OF HAIR SHAFT FROM 
SHAFT-FREE hair follicle BY TRANSFORMED 
DERMAL PAPILLA CELLS. 

R. Nakamura and K. Yoshizato. Dept. of 
Biol.Sci., Fac. of Sci., Hiroshima Univ., 
Higashihiroshima. 

Dermal papilla cells have the capacity to 
induce hair growth and follicle formation. 
We devised an in vitro hair shaft induction 
model to reveal the function of dermal 
papilla cells in hair growth. 

Rat vibrissa hair follicles were isolated 
from Fisher rats by the microdissection. 
The lower half of the follicles was 
removed by cutting transversely the middle 
of them, and the hair shafts were plucked 
from the remaining upper half. The 
aggregate of dermal papilla cells that 
had been transformed by SV40 large T 
antigen gene (TFPC) were implanted into 
these follicles. As control, we prepared 
the follicles with the aggregate of Swiss 
3T3 cells and those without implants. These 
follicles were cultured in Williams E 
medium. After 3 days and 20 days, they were 
fixed, embedded and sectioned. These 
sections were subjected to immunostaining 
with anti human hair keratin antibody 
(polyclonal antibody to hair cuticle, hair 
cortex, and a part of hair matrix). 

The follicles with TFPC were keratinized 
after 3 days, and more after 20 days. On 
the other hand, the follicles with 3T3 
cells were found faintly keratinized after 
20 days, and those without implants were 
not keratinized. 


PRODUCTION OF MONOCLONAL ANTIBODIES 
AGAINST SEVERAL TISSUES OF RAT VIBRISSA 
FOLLICLES. 

T. Matsuzaki, M. Inamatsu and K. Yoshizato (Yoshizato 
MorphoMatrix Project., ERATO, JRDC, Higashi- 
Hiroshima) 

~The mechanisms of differentiation and growth of 
hairs is still unknown. Although the specific factor(s) for 
producing a hair has been supposed, there is little 
information about them. To isolate such factor and to 
understand the differentiation process of hairs, we 
produced monoclonal antibodies against the tissues 
which construct a hair follicle. We used vibrisse of rat for 
the study because these had a large follicle. The vibrissa 
follicle is composed of several tissues, i.e. dermal sheath, 
outer root sheath, inner root sheath, hair shaft, matrix, 
and dermal papila. We immunized mice with whole 
follicles as antigens. Seventeen clones of hybridomas 
were selected immunohistochemically. The monoclonal 
antibodies that were secreted by these clones reacted 
with restricted tissues and were classified into eight 
categories from their specific staining patterns. These 
monoclonal antibodies are useful tools to study the 
differentiation process of hairs and to identify the factor(s) 
for production of hairs. 
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EFFECTS OF RETINOIC ACID ON 
DEVELOPMENT IN VITRO OF MOUSE 


CEPHALIC NEURAL CREST CELLS. 
K. Ito and T. Morita. Dept. of Biol., Coll. of Gen. 
Educ., Osaka Univ., Osaka. 


Retinoic acid (RA) has been known as a 
potent teratogen of mammalian cephalic 
development. In the present study, effects of 
this agent on differentiation of mesencephalic 
neural crest in the mouse (MNC), which is a 
major contributor in the cranial morphogenesis, 
have been analyzed using in vitro experimental 
system. The main results obtained are the 
following: 1) RA promotes the proliferation of 
MNC cells. 2) Melanocyte differentiation is 
completely repressed by RA addition. 3) 
Serotonin-positive neurons appear in cultures 
containing RA. This type of neurons are not 
observed in MNC cultures without RA _ ,but 
differentiate from the trunk neural crest cells. 
These results seem to suggest that RA changes 
developmental capacities of MNC cells. 
However, the patterns of the changes may differ 
between developmental lineages. 


BRANCHING MORPHOGENESIS OF MOUSE 
EMBRYONIC SUBMANDIBULAR EPITHELIA 
CULTURED UNDER THE DIFFERENT CON- 
DITIONS. 

Y. Moni, K. Yoshida?, T. Morita!, and °Y. Nakanishi. 
1Department of Biology, College of General Education, Os- 
aka University and ?Seikagaku Corporation. 


Early branching morphogenesis of the mouse embryonic 


submandibular epithelium has been suggested to be regu- 
lated by extracellular matrix components including colla- 
gen and glycosaminoglycan. When the 12-day or early 13- 
day intact submandibular gland was cultured on Millipore 
filter, Clostridial collagenase inhibited branching. Hepar- 
itinase I also brought about an inhibition of branching of 
the late 12-day and early 13-day glands. Recent evidence 
by other investigators showed that Matrigel-clotted epithe- 
lium underwent “salivary-like” branching morphogenesis in 
the presence of the mesenchyme at the opposite side of 
the filter, suggesting that the direct contact between mes- 
enchyme and epithelium is not an essential prerequisite 
for the epithelial branching. The purpose of the present 
investigation was to clarify the difference in “branching 
morphogenesis” in the different culture conditions. 

Matrigel-clotted 13-day epithelium cultured under the 
influence of the mesenchyme did not undergo a specific 
branching morphogenesis in the presence of heparitinase I 
as in the case of intact glands. More importantly, how- 
ever, Clostridial collagenase could not inhibit “branching” 
morphogenesis of Matrigel-clotted epithelium and formed 
similar lobules to those formed without the collagenase. 
These results suggested that mechanisms of branching mor- 
phogenesis occurring in the intact rudiment and Matrigel- 
clotted epithelia are not the same. 


GLYCOSAMINOGLYCANS IN THE BASEMENT MEM- 
BRANE OF THE UROPYGIAL GLAND OF THE QUAIL 
Y. Fukui. Dept. Biol., Tokyo Women's 
Medical College, Tokyo. 


The presence and distribution of GAGs 
in developing uropygial glands were 
examined histochemically with alcian blue 
staining. From the lumen-forming stage, 
GAGS were present in the basement membrane 
of the glandular epithelium and became 
more abundant at the glandular bud-forming 
stage, while they remained scarce in the 
basement membrane of the excretory duct or 
the epidermis of morphologically inactive 
interappendage skin. When the glandular 
formation almost ended, GAGs in the 
basement membrane of the glandular 
epithelium began to decrease. They were 
hardly detected 10 days after hatching. 

Tritium-glucosamine was given to the 
embryonic gland and the synthesis’ and 
accumulation of GAGS were examined with 
autoradiography. On days 8 and 9 the 
basement membrane was labelled in some 
degree; as morphogenesis proceeded, the 
labelling in the glandular basement 
membrane notably increased, but not so 
much in the excretory duct or the’ inter- 
appendage epidermis. 

Distribution and accumulation of GAGs 
in the basement membrane were different 
spatially and temporally through morpho- 
fenesis, suggesting that GAGs are involved 
in the dermal messages and/or the epi- 
dermal responses in tissue interactions. 


POLARIZING ACTIVITY OF THE IMMATURE TOOTH OF 
THE MOUSE NEONATE. 

T.Yamaail, EKoyamal, F.Myoukai!, N.Washiol, 
T.Nohno2, S.Noji3. !Dept Oral Anat, Okayama 
Univ.DentSch., 2Pharmacol, Kawasaki Med.Coll., 3Biol 
Sci Technol, Tokushima Univ. 

We have provided the evidence that a polarizing 
activity was also present in a restrict region of the 
mouse developing oral cavity yet. To test for 
polarizing activity, we grafted the immature molar 
tooth from O-day to 3-week C3H neonates under the 
anterior side of the apical ectodermal ridge of chick 
wing bud of stage 21. Embryos were allowed to 
develop until day 10 and were then analyzed for the 
presence of additional digits. Polarizing activity was 
quantified using Tamura et al.1990. Grafts of the 
immature tooth resulted in the duplication of digits 
seriously in every case from 0-day to 4-day neonates. 
The intensity of the polarizing activity of immature 
tooth from 0-day neonate was 3 times as strong as 
that of 14-day fetus. The pattern of the duplication 
induced by fetal tooth germ was the duplication of 
2nd digit chiefly, whereas most of the duplication 
caused by grafting of the immature tooth was the 
duplication of 3rd digit. The grafts also induced 
additional expression of homeobox D-12 and -13 in 
the host limb bud. The polarizing activity indicated 
maximum level from O-day to 3-day neonate and 
decreased to reach at minimum level at 2-week. 
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ANALYSIS OF MIGRATING CELLS FROM THE 
OLFACTORY PLACODE TO THE BRAIN BEFORE THE 
FORMATION OF THE OLFACTORY NERVE. 
M.Miyakawa, T.Seki and Y.Arai 
Dept.Anat.,Juntendo Univ.Sch.Med., Tokyo. 

Migration of LHRH-immunoreactive(IR) 
cells along the olfactory nerve was known 
to start around ED4 in chick embryo. Howev- 
er, the cell migration from the olfactory 
placode has been reported before the forma- 
tion of the olfactory nerve bundles. The 
nature of these cells were studied immuno- 
histochemically in order to elucidate the 
mechanisms of cell migration in the chick 
embryo. On ED2.5 highly polysialylated 
NCAM(NCAM-H)-IR cells were found in the 
olfactory placode and the adjacent area. 
In rhodamine-phalloidin preparations, 
actin filaments were highly concentrated 
close to the plasma membrane and formed 
"cell cortex" in these cells. They also 
showed strong immunoreactivity of vimentin 
and tubulin in whole cytoplasm. The ex- 
pression of vimentin seemed to suggest the 
undifferentiated state of them. These 
cells formed cellular cord. When the 
olfactory nerve bundle was formed around 
ED4, the immunoreactivity of NCAM-H was 
still unchanged. However, the expression 
of the cytoskeletal proteins in migrating 
cells became weaker and the distribution 
pattern became different in the embryos 
later than ED4. These results seemed to 
indicate the different role of the cyto- 
skeleton in the cell migration before and 
after the olfactory nerve formation. 


MASSIVE AND TRANSIENT ACCUMULATION OF 
LECTIN BINDING GLYCANS IN NEURONS OF 
DEVELOPING RAT CEREBELLUM 
HIROOMI KEINO AND TOSHIKAZU BANNO, Dep. 
of Perinatol., Inst. for Develop. Res., 
Aichi Pref. Colony, Kamiyacho, Kasugai 

It is Known that cerebellum of rodents 
rapidly develops in suckling period and 
that cell-to-cell interactions in this 
period are essential for accomplishement 
of normal cerebellar development. In 
this study, we examined lectin binding 
abilities of cerebellar neurons in young 
and adult rats. Purkinje cells of young 
rats showed strong binding ability with 
Coin Ap HCH, IGA, ith, PA, SoA, UWiMASE, 
and VVL and slight binding ability with 
BSL, MAL, and SBA. DBA, DSL, LEL, PHA-L, 
PNA, RCA, STL, and WGA showed no binding 
activity with Purkinje cells at any ages. 
Purkinje cells in adult rats showed no 
binding ability with any lectins, expect 
on MAL. MAL densely binded with dendrites 
of Purkinje cells in adult rats. Con-A, 
LTL, PNA, SBA and VVL binded with granule 
cells at suckling period. These results 
indicate that a massive accumulation of 
oligosaccarides occures in granule and 
Purkinje cells at the stage of synapto- 
genesis. The glycans may play the role 
of a cell-to-cell recognition molecule in 
cerebellar development. Bergman's glial 
fibers showed a strong anda slight 
binding ability with DSL and STL, respec- 
tively, at the stage of granule cell 
migration. 


MORPHOGENETIC EFFECTS OF FGF ON 
NEURAL PRECURSOR CELLS FROM MOUSE 
EMBRYONIC BRAINS. 

%5 Tomookal, M. Hiratochi2, He Kitani3, 


aus Iguchi2 and T. Sakakural- Ilnab. Cell 
Biol. Riken Life Sci. Ctr. Tsukuba, 


2Dep. Biol. Yokohama City Univ. Yokohama, 
3Natl. Inst. Animal Health, Tsukuba. 


Neural precursor cells (NPC) isolated 
irom mouse embryonic brains (E9-10) were 
cultured 3-dimensionally in collagen gel 
matrix. NPC embedded in collagen gel as 
clumps developed ball-like structures 
with numerous neurites. Immunohisto- 
chemistry revealed that balls had lumen 
in the center covered with radially 
oriented NPC and differentiated neurons. 
This is exactly the architecture of the 
mouse neural tube. This morphogenesis 
took place with low efficiency when NPC 
were embedded as dissociated cells. 
However, the morphogenesis was drasti- 
cally enhanced by FGF added to culture 
medium containing FCS at 108%. Our 
results together with the fact that NPC 
produce FGF strongly suggest that FGF 
play a major role in the organogenesis 
of the central nervous system. 


SUPPRESSION OF THE MIGRATION OF NEURO- 
BLAST CELLS IN THE EVERTED NEURAL PLATES 
OF RAT EMBRYOS. 

M. Matsuda! and H. Keino2, Depts. of ‘Embryol. 
and @Perinatol., Inst. for Dev. Res., Kasugal, 
Aichi 480-03. 


Rat embryos at the head-fold stage (Slc:SD 


strain; 9.5 days of gestation) were cultured for 
48 h in rat serum that contained 2 x 10°8M 
cytochalasin D. All of 52 embryos developed 
into C-shaped with the everted cephalic neural 
plates. Elevation and apposition of the neural 
folds were occurred during the course of 
development of these embryos. 

Cell migration within the neural plates was 
analyzed by immunocytochemistry with 
bromodeoxyuridine (BrdU). Cells that had 
incorporated BrdU were distributed at the 
luminal surface of the everted telencephalic 
neural plates in the cytochalasin-treated 
embryos but this phenomenon was not observed 
in control embryos. 

Additional our experiments also suggest that 
distribution of laminin and increase of 
specific carbohydrates at the luminal surface 
of the everted neural plates cause the mooring 
of neuroblast cells to the ventricular zone. 
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CELL PROLIFERATION AND CELL DIFFERENTIATION 
DURING RECONSTITUTION IN DISSOCIATED ARCHEO- 
CYTE POPULATION OF EPHYDATIA FLUUIATILIS, 
FRESHWATER SPONGE. 

M. Yamashita! H. Mizoguchi? and ¥. Watanabe! 
‘Dept. of Biol., Ochanomizu Univ., Tokyo and “Lab. of 
Biol., Jun. Col. of Rissho Univ., Saitama. 


The present study was undertaken to determine 
whether cell proliferation is prerequisite for cell 
differentiation during dissociated archeocyte 
population reconstites in freshwater sponge. 

The embryonic archeocytes, obtained from 
dissociated sponge tissue treated with 1.5mM of 
hydroxyurea, were used forthe experiment. These 
collected embryonic archeocytes aggregated and 
reconstituted to functional sponges within three 
days in Mineral-medium at 25°C. 

For analysis of cell proliferation, we investigated 
the change of distribution of S-phase cells using 
immunocytochemical methods. The distribution of 
S-phase cells showed two charactenistic patterns. 
One was in the exterior region of earlier aggregates 
and another was in the interior region of of its 
following stage. In comparison with normal 
development from sponge gemmules, it seems that 
the former cell proliferation may relate to the 
differentiation of exopinacocytes, and the latter 
may relate to the differentiation of choanacytes. 
When the archeocyte population cultured in 
Mineral-medium containing 8.59/ml of 
aphidicoline, an inhibitor of DNA _ synthesis, 
distribution of S-phase cells and differentiation of 
exopinacocytes or choanocytes were 
simultaneously changed during the process of 
reconstitution. 


CELL CYCLE ASPECTS ON CHOANOCYTE CHAMBER 
FORMATION IN FRESHWATER SPONGE. 


H.Mizoguchi ! and Y.Watanabe2, !Lab. of Biol., Jun. Col 
of Rissho Univ., Saitama, and “Dept of Biol. Ochanomizu 
Univ. Tokyo. 

In the 5-bromodeoxyuridine(BrdU) or aminopterin 
treated gemmules of freshwater sponge after hatching, 
cell proliferation study was performed to clarify the 
cellular mechanism of choanocyte chamber formation. 

Treatment of the gemmules with BrdU(2.0mM) or 
aminopterin(25 »m/ml), starting from the initiation of 
gemmule incubation, resulted in spreading of 
basopinacoderm and the inhibition of choanocyte 
chamber formation. BrdU-caused inhibition of 
choanocyte chamber formation was canceled by excess 
thymidine. Qualitative analysis of cell proliferation was 
done following 0.1mM of BrdU label, assayed by 
immunocytochemistry using monoclonal antibody 
against BrdU and streptavidin-biotin-peroxidase system. 
S-phase cells were found at periphery and central area 
of sponge. The relative number of S-phase cells was 
decreased in BrdU or aminopterin treated sponges. 

It seems that inhibition of the formation of the 
choanocyte chamber and aquiferous system by the 
treatment of aminopterin or BrdU was due to the 
interference of progress of cell cycles during 
development. 


METAMORPHOSIS OF CALCAREOUS SPONGES, 
A STUDY WITH ELECTRON MICROSCOPY 


S. Amano! and I.Hori?. ‘Cancer Res. Inst. 
Kanazawa Univ., Kanazawa, “Dept. of Biol., 
Kanazawa Medical Univ., Uchinada 


Metamorphosis of two calcareous sponges 
was studied with the improved method for 
electron microscopy. Free-swimming amphi- 
blastula larvae consist of four kinds of 
cells, that is, flagellated cells, granular 
cells, cruciform cells, and yolk-containing 
cells. After settlement, the larvae metamor- 
phose into juvenile sponges. The flagellated 
cells lose their flagella and turns into 
amoeboid cells, and re-differentiate into 
choanocytes. The granular cells spread over 
the larva, and become a thin layer of 
Pinacocytes. Most mesohyl cells of the 
juvenile sponges are thought to be derived 
from the amoeboid cells. Our clear EM images 
reveal the transitions of those larval cells 
during metamorphosis. 


THE ORDER AND PATTERN OF THE THREE KINDS OF 
BUDDING DURING THE COLONIAL GROUTH IN A 
FRESH WATER MEDUSA, CRAPEDACUSTA SOWERBYI 
Y.0giso!,K.1|.Kato2,S.Hirabayashi 2and 
M.Shimizu2. 1_Dept.of Biol.Osaka City 
Univ., 2.Div-Nat.Sci-Osaka Kyoiku Univ.. 
Setted polyps, regardless of they are 
either derived from fertilized egg or from 
frustule, show three kinds of badding at 
the site anterior from the middle part of 
body colum during their growth: (1) Polyp 
buds appear one by one on the mother polyp 
at the relatively long interval(2 weeks 
more).They do not leave the mother polyp, 
so that the polyp becomes a colony by 
having the more number of imdividuals. 
(2) Frustule formation takes place one 
by one at the opposite site on the same 
level of polyp and shows marked decrease 
during the time in which polyp bud or medu- 
sa bud are actively formed. (3) Medusa buds 
are found at the sefinite site for each 
polyp. their distribition in a colony is 
not inclined to the limited individual 
members. Their number and the site seem 
to be regulated in a colony. 
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BEHAVIOR OF TEST CELLS DURING 
METAMORPHOSIS IN CIONA INTESTINALIS. 
Y.Sato' , K.Terakado? , M.Morisawa’ . 

‘Misaki Marine Biological Station, Fac. of Sci., Univ. of Tokyo, 
Kanagawa. “Dept. of Regul. Biol., Fac. of Sci., Saitama Univ., Urawa, 
Saitama. 


In ascidian, it has been considered that the first step of 


metamorphosis is breakdown of adhesive papillae on the 
tip of the tadpole larva, subsequently followed by some 
morphological changes such as tail resorption. However, 
the mechanism which induces the metamorphosis is less 
known. 

In order to understand the first step of metamorphosis 
in tunicates, we tried to observe the detailed morphological 
changes on tunic and test cells before tail resorption of the 
ascidians, Ciona intestinalis. Just before attachment, drastic 
changes occurred on the shape of two layers of tunic (C1 
and C2 ). Then test cells which have been uniformly 
distributed on C1 became concentrated along the axis of 
tail and head region. Electron microscopy revealed that 
test cells contained a lot of vesicles in their vacuoles. Upon 
metamorphosis, test cells invated into the C1 and the 
vesicles became appeared on the larval epidermis. 

These results suggest that the vesicles which are 
released from test cells may induce the tail resorption, 
resulting in the initiation of metamorphosis in Ciona 
intestinalis. 


ELEVATION OF METALLOPROTEINASE ACTIVITY OF 
ASCIDIAN LARVAE DURING METAMORPHOSIS. 
K.Matsumura, S.Mori and N.Fusetani, 
FUSETANI Biofouling Project, ERATO, JRDC, Yokohama. 


Ascidian tadpole larvae settle and metamorphose after 
a free-swimming period, and heavy metal ions are 
known to promote metamorphosis of certain species. In 
Halocynthia roretzi larvae, we found that Zn2+ promoted 
metamorphosis in a dose-dependent fashion, which was 
inhibited by 1,10-phenanthroline (phen), a Zn2 + 
chelator. Furthermore, Zn2+ canceled the inhibitory 
effect of phen. These results suggest that Zn@+plays an 
important role in the metamorphosis of H. roretzi. 
Succeedingly, we found that metalloproteinase 
activity increased during metamorphosis. The 
collagenase substrate, DNP-Pro-Gin-Gly-lle-Ala-Gly- 
Gln-p-Arg, and some of peptidyl MCA-substrates were 
hydrolyzed more efficiently by the extracts both from late 
tadpole larvae and juvenile after tail absorption than by 
that from early tadpole. Their activities were inhibited by 
phen. Gelatinase activities were also detected in late 
tadpole and juvenile, but scarcely in early tadpole by 
SDS-PAGE using gels copolymerized with gelatin. The 
major active bands with molecular weights of 20,000 
and 21,000 were not detected in the presence of phen. It 
is therefore possible that collagenase-like metallo- 
proteinase(s) is involved in the metamorphosis of H. 
roretzi. 


FORMATION AND MAINTENANCE OF THE NERVE 
RING IN HYDRA-THE APPROACH USED THE CHIMERA 
WITH EPITHELIAL AND INTERSTITIAL CELLS FROM 
DIFFERENT SPECIES 


N.Takano!, S.Minobel, O.Koizumil and 
T. Sugiyama. lphysiol.Lab., Fukuoka Women’s 


Univ., Fukuoka, “Natl. Inst. of Genetics, 
Mishima 


Hydra has a simple nervous system. But 
there is a complex of neurons, nerve ring 
in the head. The nerve ring is observed 
using RFamide antiserum in stalked hydra 
group (e.g. H.oligactis), while is not in 
common hydra group (e.g. H.magnipapillata) . 

To examine the mechanism of formation and 
Maintenance of the nerve ring we produced 
chimeric animals that consist of the 
epithelial cells from a strain showing no 
RFamide+ nerve ring and interstitial (nerve 
precursor) cells from one showing RFamide+ 
nerve ring. These chimeras were examined 
immunocytochemically. 

Results indicate that intersitial cells 
of H.oligactis can differentiate into nerve 
cells of H.oligactis’‘ type under epithelial 
environment of H.magnipapillata. 
Nevertheless nerve ring can’t be formed and 
Maintained in chimeras. This suggests that 
the interaction between epithelial cells 
and interstitial cells is very important 
for the formation and maintenance of the 
nerve ring. 


EFFECTS OF PARENTAL BODY AXIAL POLARITY ON 
RECONSTRUCTION OF AXIAL POLARITY THROUGH 
REGENERATION IN ASCIDIAN BODY FRAGMENTS. 

T.Ishii and Y.Saito. Shimoda Mar. Res. 
Ctr., Univ. of Tsukuba, Shimoda, Shizuoka. 


In the compound ascidian, Polyandrocarpa 
misakiensis, when a blastozooid is 
transected at the middle level to make two 
fragments, both an anterior fragment (AF) 
and a posterior fragment (PF) regenerate, 
respectively. In these cases, we often 
observe that anteroposterior (A-P) axial 
polarity of a regenerated zooid is in 
disagreement with that of the original 
blastozooid. In this study, we examined 
effects of parental body axial polarity on 
reconstruction of A-P axial polarity 
through regeneration in AF and PF of an 
offspring. Both normal zooids and reversed 
(situs inversus viscerum, mirror image) 
zooids of P. misakiensis were used here. 
In the regeneration of body fragments 
derived from normal and reversed zooids, 
AF tends to maintain its original A-P 
axial polarity than PF. However, in the 
regeneration of AFs of normal zooids, some 
effects of parental body axial polarity 
were observed: The AF of an offspring 
derived from the parental right margin 
tended to turn its new A-P axial polarity 
to the right from the original polarity. 
Similarly, the AF of an offspring derived 
from the parental left margin turned its 
A-P axial polarity to the left. 
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THE DIGESTIVE TRACT OF THE ASCIDIAN 
POLYANDROCARPA MISAKIENSIS. 
Il. STOMACH. 


H.Koyama and Y. Taneda’, Dept. Anat., Sch. Med., 
Yokohama City Univ., Yokohama., and Dept. Biol., 
Fac. Educat., Yokohama Natl. Univ., Yokohama. 


The organization of the stomach was studied ina 
styelid ascidian, Polyandrocarpa misakiensis. The 
stomach is lined with a simple columnar epithelium, 
except for the base of the ten or more longitudinal folds. 
The presence of round cells at the tip of the fold suggests 
that aged cells may be extruded from this site. Five cell 
types were identified. Ciliated mucous cells are localized 
in only one fold (the mucous fold). They have many 
mucous granules in the apical cytoplasm, which forms 
many microvilli. The base of each fold consists of a 
pseudostratified epithelium, composed of ribosome-rich 
cells with a large nucleus and a prominent nucleolus. 
The most abundant cell type has a large number of 
microvilli on its apical surface, with many pinocytotic 
vesicles below them. Many multilamellated bodies and a 
Golgi complex of unique morphology are seen in the 
supranuclear region. The second most abundant cell type 
has many electron-dense granules in the apical part of 
the rER-rich cytoplasm. Other paraneuron-like cells 
have one or two cilia and a few microvilli on their apical 
surface (sensory pole). There are many small electron- 
dense granules in the basal part (secretory pole) of this 
cell type. The nucleus has someclefts. The pyloric 
caecum, formed by a pseudostratified epithelium, extends 
from the mucous fold at the juncion between the stomach 
and intestine. Many large free cells are often seen in the 
lumen of the caecum. The exact nature of these free cells 
is not known. 


The structure of the HOM/Hox gene cluster of 
the ascidian, Halocynthia roretzi 


Y. Katsuyama, S. Wada and H. Saiga 
Dept. of Biol., Fac. Sci., Tokyo Metropolitan Univ., 
Tokyo. 


In Drosophila and mammal, it is known that 
HOM/Hox genes are arranged on certain regions of 
chromosome(s) forming gene cluster(s). Several lines 
of evidence have suggested that these genes are 
involved in defining various body regions in animal 
development. In the development of ascidians, they 
form larvae possessing a notochord that is, however, 
completely degraded at the metamorphosis. This 
peculiar way of the development of the ascidians may 
have a close relation to the structure and expression of 
the HOM/Hox genes. Here we analyzed the structure 
of HOM/Hox genes of the ascidian, Halocynthia 
roretzi. Employing PCR, we have isolated at least 5 
HOM/Hox gene fragments from the Halocynthia 
genome. These correspond to group 1, 2, 5 through 8, 
and 10 of the HOM/Hox genes. The presence of the 
various members of HOM/Hox genes may suggest the 
presence of a HOM/Hox cluster in the Holocynthia 
genome. 


CLONING AND CHARACTERIZATION OF HOMEOBOX- 
CONTAINING GENES OF THE COLONIAL ASCIDIAN, 
POLYANDROCARPA MISAKIENSIS. 

S. Fujiwara and K. Kawamura. Dept. of 
Biol., Fac. of Sci., Kochi Univ., Kochi. 

Previously, we demonstrated that 
endogenous retinoids are involved in the 
anteroposterior axis formation in the bud 
of the ascidian, Polyandrocarpa 
misakiensis. This finding suggests that 
homeobox genes, of which expression is 
regulated by retinoic acid, play key roles 
in the axial pattern regulation. 

In the present study, seven types of 
DNA fragments encoding homeodomains, 
termed Phox, were cloned by PCR 
amplification from Polyandrocarpa genome. 
Some of them exhibit similarity to the 
homeodomains of homeotic selector genes. 
Phox7 and Phoxl9 show striking similarity 
to caudal- and Sex combs reduced-type 
homeodomains, respectively. Phoxll and 
Phox29 are closely related to each other, 
and display proboscipedia-type 
homeodomains. Using these clones as 
probes, spatial and temporal expression of 
corresponding genes were examined by 
Northern and in situ hybridization 
analyses. 

Further investigation of the expression 
and functions of these genes will enable 
us to understand the regulatory cascade 
that determines the pattern formation 
during ascidian budding. In addition, it 
will be possible to discuss how the 
diverse modes of the ascidian budding have 
been evolved. 


MOLECULAR CLONING AND CHARACTERIZATION 
OF THE ALDEH YDE DEHY DROGENASE OF THE 
COLONIAL ASCIDIAN ,POLYAN DROCARPA 
MISAKIENSIS. 

S. Miyashita, S.Fujiwara, K.Kawamura. Dept. of Biol., 
Fac. of Sci., Kochi Univ., Kochi. 

We have previously demonstrated that retinoic acid can 
induce the secondary bud axis of the developing bud of the 
ascidian Polyandrocarpa misakiensis. In addition, aldehyde 
dehydrogenase (ADH) is expressed in the posterior region 
of the bud. It can metabolize retinal in vitro. These results 
suggest that in P.misakiensis ADH plays an important role in 
the determination of anteroposterior axis via the production 
of retinoic acid. As the first step to examine the role of ADH 
during bud development,we isolated about thirty clones of 
ADH gene fragments by PCR amplification from 
Polyandrocarpa genomic DNA. Partial nucleotide sequences 
of these clones were determind. A homology search using 
PIR database revealed that the clones indeed containd many 
types of ADH gene fragments. Using these clones as 
probes, Nothem and in situ hybridization analyses were 
carried out to select the clones that are expressed in 
developing buds. On the basis of these findings, we discuss 
the possibility that Polyandrocarpa ADH gene encodes 
retinoic acid syntase and that it is transcriptionally regulated 
by retinoic acid. 
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MORPHALLAXIS ORGANIZER ACTIVITY OF 
RETINOIC ACID-INCORPORATING 
MESENCHYMAL CELLS IN BUDDING 
TUNICATES. 

K. Kawamura, K. Hara and S. Fujiwara. Dept. of 
Biol., Fac. of Sci., Kochi Univ., Kochi. 


Retinoic acid (RA) can induce the secondary bud axis 
in the tunicate, Polyandrocarpa misakiensis. In this 
work, RA (102M) was administered in vitro to the 
mesenchymal cell suspension. The cells absorbed 
most of exogenous RA within 2 hours and 
maintained it stably for at least 36 hours. They could 
induce ectopic morphallaxis when implanted into the 
host bud. RA treatment for 30 hours was needed for 
them to perform the sufficient induction, much 
longer than the time length required for RA 
absorption. Puromycin, a potent inhibitor of protein 
synthesis, prevented the cells from acquiring the 
inducing activity. These results have clearly shown 
that in P. misakiensis the mesenchymal free cells can 
preferentially incorporate exogenous RA and then 
they acquire the organizer activity of morphallaxis, 
depending on de novo protein synthesis. Now, in 
vitro cell culture is in progress to establish clonal 
cell lines, which facilitates our understanding of what 
kind(s) of cell can indeed incorporate RA and act as 
organizer. 


SPATIAL AND TEMPORAL EXPRESSION OF GENES FOR 
C-TYPE LECTINS IN TUNICATE BUDS 

M. Shimada, S. Fujiwara, K. Kawamura. 

Dept. of Biol., Fac. of Sci., Kochi Univ., 
Kochi. 

TC-14 is a calcium-dependent 
galactose-binding lectin purified from the 
budding tunicate, Polyandrocarpa 
misakiensis. In the developing bud, TC-14 is 
necessary for the aggregation of 
mesenchymal stem cells that supply the 
atrial epithelium with precursor cells of 
organ rudiments. Long before the start of 
bud morphogenesis,the TC-14 protein product 
accumulates in the atrial epithelium of the 
bud primordium that has just started to 
evaginate from parental mantle wall. In the 
present study, we cloned two distinct but 
closely related cDNA fragments by PCR 
amplification from Polyandrocarpa cDNA 
library. Deduced amino acid sequence of one 
of them was identical to the directly 
determined sequence of TC-14. Several cDNA 
clones were then isolated from the same 
library. Using these clones as probes, 
Northern and in situ hybridization analyses 
were performed. A large amount of TC-14 mRNA 
was detectable on the Northern blot of the 
parental zooids from which all buds had been 
extirpated. There is a possibility that this 
MRNA has been expressed in the bud primodium 
of the earliest sage, suggesting that TC-14 
plays some roles in bud formation. Probes 
specific for each cDNA clones, prepared from 
untranslated regions, will provide us 
further information about spatial and 
temporal expression of the two or more genes 
for TC-14~like molecules. 


ISOLATION AND ANALYSIS OF THE CEMENT 
GLANDS FROM CYPRID LARVAE OF THE 
BARNACLE Megabalanus rosa. 

Katsuhiko Shimizu, C. Glenn Satuito and Nobuhiro 
Fusetani. FUSETANI Biofouling Project, ERATO, 
JRDC, Yokohama. 


Cyprid larvae of barnacles attach themselves to 
substrates by secreting proteinous cement from the 
cement glands after free-swimming planktonic stages. 
In order to elucidate properties of cement proteins 
and the mechanism of their secretion, isolation and 
analysis of the cement glands from cyprid larvae of the 
barnacle Megabalanus rosa have been attempted. 
Cyprid larvae of the barnacles were successfully 
cultured in the laboratory under the following 
conditions. Three individuals/ml of the nauplii 
obtained from adult barnacles were reared in 80 % 
sea water at 25°C during which 4x10° cells/ml of the 
diatom Chaetoceros gracilis were fed to the larvae 
everyday. Dissected cyprids were treated with 0.05 ~ 
0.1 % of collagenase, which allowed us to pick up the 
cement glands by needles under a dissecting 
microscope. Polyacrylamide gel electrophoresis 
analysis revealed that the cement glands contained 
the organ-specific proteins which are the candidates 
for the cement proteins. 


ESTABLISHMENT OF THE BILATERAL ASYMMETRY 
IN STARFISH LARVAE. 

T. Kominami, Dept. of Biol., Fac. of Sci., 
Ehime Univ., Matsuyama. 

Bipinnariae of the starfish, Asterina 
pectinifera show bilateral asymmetry. 
Hydropore opens from the left coelomic 
sac and the left poster coelom (LPC) 
exists at the left anterior half of the 
stomach. In addition, left coelomic sac 
seems to be larger than that on the right 
side. To clarify the factors that affect 
the establishment of bilateral asymmetry, 
gastrulating embryos were bisected along 
the animal-vegetal axis. Each half of the 
embryo bisected before the mid-gastrula 
stage, developed into dwarf but morpho- 
logically normal bipinnaria. In turn, 
developed meridional halves bisected 
during mid-to-late gastrula stage, showed 
several defects along the cut side. 
Ciliary band was poorly thickened and 
coelomic sac was smaller or lost at the 
cut side. It is noteworthy that LPC was 
formed on the left side even in the embryo 
derived from the right half. Interesting- 
ly, left meridional halves obtained at 
somewhat later stage, formed LPC on the 
right side. This phenomenon, however, was 
transient. Left meridional halves of the 
late gastrula stage again formed LPC on 
the left side. These results suggest that 
the position of LPC is determined by a 
different mechanism from those direct the 
bilateral asymmetry of the ectodermal 
cells and the coelomic sacs. 
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METAMORPHOSIS IN SEA URCHINS INDUCED BY 
L-GLUTAMINE 

I. Yazaki, Dept. of Biol., Fac. of Sci., 
Tokyo Metropolitan Univ., Tokyo. 


Competent larvae of sea urchins, Stron- 
gylocentrotus intermedius and Pseudocent- 
rotus depressus, are induced to undergo 
metamorphosis by L-glutamine (Nidenko, '83, 
Harashima and Yazaki,'93). In the present 
Paper, it was found that L-glutamine could 
induce metamorphosis in Hemicentrotus 
pulcherrimus, and some cellular changes 
in the glutamine-treated larvae were stud- 
ied. 

3 When competent larvae were kept in 107 

-10°* M glutamine in artificial sea water 
(ASW), after 24 hours the larval arms 
began to shorten and then, from several 
hours later, the echinus rudiment within 
the larva opened out. Almost 100 % of 
glutamine-treated larvae metamorphosed 
within 48 hours, while any competent lar- 
vae in ASW did not metamorphose for fur- 
ther five days. Competence of larvae was 
correlated with the growth of the echinus 
rudiment. Glutamine treatment was essen- 
tially required for 10-12 hours to induce 
metamorphosis. Glutamic acid and GABA did 
not induce metamorphosis. Treatment with 
60 mM excess KCl was also innert. 

Some cellular changes; gathering of am- 
oebocyte-like cells at the arm tips, 
appearance of phagocyte-like cells and 
decrease in mitotic activity were found. 


SCANNING ELECTRON MICROSCOPICAL STUDIES ON 
THE LARVAL DEVELOPMENT OF A SAND DOLLAR, 
PERONELLA JAPONICA. 

°K .Kajihara-, H.Fujisawa! and S.Amemiya-. 
Department of Biology, Fac. of Education, 
Saitama University, Saitama. “Misaki Marine 
Biological Station, Fac. of Sci., Univ. of 
Tokyo, Kanagawa. 


The amniotic cavity in most sea urchin 
species with typical development is formed 
on the left-side of the pluteus larva, and 
the echinus rudiment comes. out there. 
Peronella japonica, a sand dollar, has been 
reported by Morutensen (1921) that the 


amniotic opening of this’ species was 
located between the two larval arms, and 
the echinus rudiment was formed on the 
median line of the larval body. Therefore, 


the larval development of this species has 
been considered to be the exception with 
regard to the polarity of forming the 
aminiotic cavity. In the present study, we 
examined the larval development of 
P.japonica by scanning electron microscopy, 
confirmed that the amniotic opening was 
first formed on the median line of the 
larval body between the two arms. However, 
we newly found that the amniotic opening 
shifted toward the left-dorsal side of the 
larval body as the development proceeded. 
Our findings indicate that the polarity to 
form the amniotic opening in the larvae of 
P. japonica is essentially the same as 
other typical sea urchins. 


TWIN LARVAE OF THE SAND DOLLAR, 
ASTRICLYPEUS MANNI . THEIR POTENCY TO 
DEVELOP THE ECHINUS RUDIMENT. 

T. Minokawa”), K. Kajihara?), H. Fujisawa”), and S.Amemiya”. 
1)Misaki Marine Biological Station, Fac. of Sci., Univ. of 


Tokyo, Kanagawa. 2)Department of Biology, Fac. of 
Education, Saitama University, Saitama. 


Driesch(1891) first succeeded a century ago to 


bisect the sea urchin embryos at two cell stage for 
making twin larvae. Each twin pluteus developed from 
the isolated blastomere was dwarf larva, but was 
considered to be a morphologically normal. However, it 
was not shown whether the twin larvae had the potency 
to form echinus rudiment and to metamorphose into a 
juvenile sea urchin or not. 

In order to study the mechanism of regulation in 
sea urchin development, we reexamined Driesch's 
experiment and tried to rear the twin larvae to juvenile 
sea urchins. In the present experiments, we used the 
sand dollar, Astriclypeus manni , as the material . The 
development of the species proceeds extremely faster 
than other typical sea urchins. The intact larvae 
develop into eight-armed pluteus within seven days, 
and metamorphose into juvenile sea urchins within 
nine days. We confirmed that each blastomere isolated 
at the two cell stage could grow up to pluteus larva. 
Moreover, we found that both of the twin larvae had the 
potency to form the echinus rudiments and to 
metamorphose into complete juvenile sea urchins. 


INDUCTIVE INTERACTION IN GERM LAYER 
FORMATION OF SEA URCHIN EMBRYOS. 

T. Kinoshita. Dept. Biol. Sci., Fac. of 
Sci., Hiroshima Univ., Hiroshima. 


In sea urchin development, a serum 
factor is necessary for spicule 
formation in in vitro culture of 
isolated micromeres. I have reported 
that spicule formation is induced by 
activin A instead of horse serum. These 
results present a possibility that 
inductive interaction similar to that in 
vertebrate embryos also occurs in sea 
urchin embryogenesis. Then, in order to 
test this possibility, it was examined 
whether or not peptide growth factors 
induce germ layer formation, using 
animalized embryos of Hemicentrotus 
Pulcherrimus aS an asSay system. In 
control embryos animalized with zinc 
ion, their development stopped just 
prior to gastrulation. When these 
embryos were cultured in sea water 
supplemented with 4% horse serum, 
gastrulation and spicule formation were 
rescued in many embryos. Among five 
peptides tested, activin A and TGF-£1 
showed inducing activity of germ layer 
formation. These results suggest that 
TGF-8-relating molecules play an 
important role in germ layer formation 
of sea urchin embryos. 
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Hemoglobin transition in metamorphosing 
and metamorphosis-arrested Hynobius 
retardatus. 

T. Arai* and M. Wakahara. 

Mitsubishi Material Co., Div. Biol. Sci., 
Grad. Sch. Sci., Hokkaido Univ., Sapporo. 


A transition of hemoglobin subunits 
during ontogeny in Hynobius retardatus was 
studied using SDS-PAGE, AUT-PAGE and 2D- 
PAGE in conbination of the two. Hemoglo- 
bins from normally metamorphosing and 
metamorphosed animals reared at different 
temperatures and from metamorphosis- 
arrested larvae, which were reared in 
aqueous solution of thiourea and sodium 
perchlorate, were analyzed. 

Larval type hemoglobin was composed 
of 4 electrophoretically distinctive 
subunits. Similarly, adult hemoglobin was 
composed of 4 subunits, all of that were 
different from the larval ones. 

Transition of the hemoglobin in those 
animals depended on the temperatures. 
Although no indication of metamorphosis 
was observed at external morphological 
level in the larvae reared at 4°C, adult 
type subunits of hemoglobin were detected. 
In metamorphosis-arrested larvae reared at 
room temperature, the transition of 
hemoglobin occurred in the same time 
schedule as in the controls. From these 
results, it is suggested that the 
transition was completely independent of 
the morphological metamorphosis. 


For comprehensive understanding on embryonic 
development. 1: Image analysis studies on proliferation 
kinetics on cell population in three dimension. 

Shoji Tanaka, Yuko Yamazaki, Takashi Tuji, Yukisige 
Kawasaki and Takako Saitoh MitsubisiKasei Institute of 
Life Sciences, 11 Minamiooya, Machida-shi, Tokyo 


To understand regulatory mechanisms of embryonic 
development, it seems of consequence to perform in situ 
and simultaneous studies on various view points in regard 
to cell proliferation, morphogenesis and differentiation. A 
multiparametric image alalysis system appeared to meet 
those purposes. 

Cells of developing scale skin were labeled with BrdU 
and those cells were detected by immunofluorescene. 
Nuclear DNA was stained with propidium iodide. Dual 
images were simultaneously captured by a confocal laser 
scanning microscope and processed by softwares 
installed in a microcomputer. Relevant methods to 
quantitate content of nuclear DNA in three dimention 
were developed. 


Confocal laser scanning microscopic 
observation of the cytoskeleton of sea 
urchin embryos. 

Isao Uemura. Dept. of Biology, Tokyo 
Metropolitan Univ., Tokyo. 


Whole mount cytoskeletal specimens of sea 
urchin embryos were viewed with confocal 
laser scanning microsopes (CLSM) to see 
the change in localization of the 
cytoskeleton and its role in 
morphogenesis of embryos. 

Treatment of whole mount specimens with a 
protein-conjugating reagent, m-Maleimido- 
benzoyl-N-hydroxysuccinimide ester (MBS), 
resulted in remarkable preservation of 
actin filament networks. At blastula 
stage NBD-phallacidin treated showed no 
localization of actin filaments among the 
ectoderm cells viewd with CLSMs (Zeiss 
LSM 410 and Olympus LSM GB-200). A 
maximum concentration of actin filaments 
was found in the apical ectoderm of late 
gastrulae, which confirmed my earlier 
observation HMM decorated filaments at an 
electron microscopic level. At this stage 
the gut also showed dense localization of 
actin filament, contrary to a scarce 
distribution of microtubules. 

Using anti-cytokeratin antibody 
(Biomedical Technologies Inc., BT-571) as 
the first probe and FITC-anti-Ig as the 
second, cytokeratin was detected among 
the ectoderm cells both at blastula and 
at gastrula stages. 


PEROXISOMAL ENZYME ACTIVITY DURING NORMAL 
DEVELOPMENT AND BY THYROID HORMONE 
TREATMENT IN RANA NI GROMACULATA AND 
RHACOPHORUS SCHLEGELIT. 

A. Kashiwagi. Lab. for Amphibian Biol., 
Fac. of Sci., Hiroshima Univ., Higashi- 
hiroshima. 

Activity changes of three peroxisomal 
enzymes, catalase. D-amino acid oxidase 
and urate oxidase, in the liver and Kidney 
of Rana nigromaculata and in the liver of 
Rhacophorus schlegelii were investigated 
spectrophotometrically during normal de- 
velopment from premetamorphosis till two 
months after Taylor and Kollros' stage XXV 
and during DL-thyroxine (T,)-and Boo" of 
triiodo-L-thyronine (Tg)-treatments for 
nine days. In R. nigromaculata, activity 
of these three Yenzymes) inthe liver pose 
after stage XXV. Catalase activity in 
the Kidney rose at the metamorphosing 
stage and rose again from three weeks 


after stage XXV, in parallel with a 
Similar increase in D-amino acid oxidase 
and urate oxidase activity. ‘Activity of 


catalase in the liver of Rh. schlegelii 
increased rapidly two months after stage 
XXV, while activity of the two oxidase 
increased remarkably in the early stage of 
metamorphosis. Ts and T4 treatments were 
effective on peroxisomal enzyme activity 


in the liver and kidney of R. nigro- 


Maculata and Rh. schlegelii. T3 and T,- 


induced changes of liver catalase activity 
in these two species took place only after 
a latent period of three days. 
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EARLY STAGES OF THE GONAD FORMATION 
IN THE OCTOPUS, OCTOPUS OCELLATUS : 
AN ULTRASTRUCTURAL STUDY. 

Satoshi Komorida and Masamichi Yamamoto, 
Ushimado Marine Lab., Okayama Univ. Ushimado, Okayama 


Ultrastructural aspects of gonad formation in Octopus 
ocellatus was examined in the embryo and the juvenile 
after hatching. The primordial germ cells (PGCs) are 
large round cells with a large electron-lucent nucleus. 
The gonad primordium are formed as a solid mass of 
a mixture of PGCs and somatic cells in the pericardial 
cavity in contact with the heart primordium. The testis 
and the ovary are not distinguishable from each other 
until the time just before hatching. In the ovary, all 
the germ ceils (oogonia) enter into meiosis by the 
time of hatching; synaptonemal complexes become 
evident in their nuclei. After hatching, oocytes rapidly 
increase in size and a single layer of the follicular 
epithelium is formed around each oocyte. In the testis, 
germ cells (spermatogonia) vigorously proliferate 
through mitosis for more than ten weeks after hatching. 
They form numerous solid cords together with somatic 
cells 2 weeks after hatching. The cords become hollow 
tubules 5-7 weeks after hatching. Cells entering meiosis 
are first found 11 weeks after hatching. 


ORIGIN AND DIFFERENTIATION OF THE TESTIS 
AND THE OVARY IN THE SOLITARY ASCIDIAN, 
CIONA INTESTINALIS. 

Toshiaki Okada and Masamichi Yamamoto, 
Ushimado Manne Lab., Okayama Univ. Ushimado, Okayama 


In the juvenile ascidians | day after settlement , the 
primordial germ cells (PGCs) are scattered on the 
surface of the degenerated tail tissue mass located near 
the cardiac part of the stomach. They are large round 
cells about 102m in diameter. The PGCs form a 
solid mass (gonad primordium) together with flat cells 
in one day. The gonad primordium leaves the 
degenerated mass toward the pyloric partof the stomach. 
The gonad primordium becomes follicular in shape 
with a large central cavity 10 day after settlement. 
Separation of the testis from the ovary occurs 13 day 
after settlement. In the ovarian part, the inner and the 
outer surfaces of the wall are covered with flat epithelial 
cells; the germ cells (oogonia) proliferate within the 
epithelium composing the ovarian wall, never exposing 
their surfaces from the epithelium. In the testicular 
part, the flat epithelial cells cover only the outer surface 
of the wall; the germ cells (spermatogonia) expose 
their surfaces to the central cavity and gradually become 
free into the cavity with proliferation. 


FORMATION AND DEVELOPMENTAL CHANGES OF YOLK 
NUCLEUS IN THE OOCYTE OF MEDAKA ORYZIAS 
LATIPES. 

S.Nakashima and T.Iwamatsu. Dept. of Biol., 
Aichi Univ. of Educ., Kariya. 


The origin, structure, nature and func- 
tion of yolk nucleus have been studied in 
the oocytes of various fish species. In the 
present study, we investigated developmen- 
tal changes in the yolk nucleus of the 
medaka Oryzias latipes oocyte. The yolk nu- 
cleus is first observed ultrastructurally 
as one or a few clusters consisting of 
thread-like structures (TLS) and smooth en- 
doplsmic reticulum (SER) in the vicinity of 
the nucleus of young oocytes (at the begin- 
ing of stage II). The yolk nucleus is sur- 
rounded with mitochondria in this stage. 
Thereafter, the yolk nucleus enlarges and 
becomes oval or round shape. The electron 
density in the cytoplasm lacks in uniformi- 
ty. The yolk nucleus is always located in 
the moderately electron dense region. The 
diameter of yolk nucleus is about 6.5 ym 
in the fixed small oocyte (about 40 um iin 
diameter). At the stage III, the electron 
dense regions gradually disperse, the yolk 
nucleus of oocytes in this stage contains 
TLS, SER and mitochondria. The yolk nucleus 
markedly changes in the stage V; the compo- 
nents of the yolk nucleus become loose and 
begin to disperse. Rough endoplasmic retic- 
ula instead of SER, Golgi complexes, Golgi 
vesicles, multivesicular bodies and the 
complex bodies with various size which seem 
to become the cortical alveoli later are 
newly added to the expanding yolk nucleus. 


ANNUAL CHANGES IN SERUM LEVELS OF 
VITELLOGENIN IN A_ VIVIPAROUS TELEOST, 
ZOARCES ELONGATUS 

Y. Koya!l, T. Mastubara!, T. Ikeuchi 2, S. Adachi 2 and K, 
Yamauchi2Z. !Hokkaido Natl. Fish. Res. Inst., Kushiro, 

2Dept. of Biol., Fac. of Fish. Hokkaido Univ., Hakodate. 


Zoarces elongatus is a viviparous teleost that maintains its 


embryos in the ovanan cavity for more than five months alter 
fertilization. Although the npe eggs are (4.4 mm in diameter), 
the embryos during gestation period grow ten times larger in 
dry weight than the npe eggs. This indicates that the embryos 
take in abundant yolk during early development and other 
maternal nutnents after yolk resorption. To determine if the 
embryo take in maternal nutrients during the gestation period, 
changes in serum levels of vitellogenin, a yolk precursor, was 
examined throughout the year from vitellogenesis to the 
gestation period in the present study. 

Antiserum was raised against estrogen-treated male serum, 
and absorbed with normal male serum to react specifically with 
vitellogenin. Vitellogenin was purified from estrogen-treated 
male sera by gel filtration and anion exchanged 
chromatography. Isolated vitellogenin has a molecular weight 
of 540 kDa in native form with the charactenstics of 
glycolipophosphoprotein. Serum levels of vitellogenin was 
measured by the radial immunodiffusion method. 

Serum vitellogenin was low (less than 0.2 mg/ml) during the 
early vitellogenic period (December to March), elevated dunng 
the late vitellogenic period, and then reached maximal levels 
(about 8 mg/ml) just before the gestation period (August). The 
levels decreased during the early gestation period (September 
to October), and reached basal levels when the embryos 
absorbed the yolk (November). Theses results indicate that 
there is a shift in the consumption of maternal nutntional 
products from the yolk to other nutrients during the early 
gestation period. Investigation of the mechanisms for the 
endocrine control in this shift is in progress. 
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ABNORMAL PROLIFERATION AND CELL DEATH OF 
GERM CELLS IN MOUSE FETAL TESTES INDUCED 
BY THE ter GENE 

M.Noguchi and T.Itai. Dept. Biol., Fac.of 
Sci., Shizuoka Univ., Shizuoka 422 


The ter( teratoma) gene causes germ cell 
deficiency and a high incidence of con- 
genital testicular teratomas derived from 
Primordial germ cells in 129/Sv-ter mice 
(Noguchi & Noguchi. 1985). However, the 
ter gene induces germ cell deficiency, but 
does not elicit testicular teratomas in 
ter congenic LTXBJ-ter mice. 

To know the ter function on germ cell 
proliferation and testicular terato- 
carcinogenesis, we examined histologically 
mitotic activity of germ cells in fetal 
testes in LTXBJ-ter strain at 12.5-16.5 
days post coitum (pc). 

It was found that in +/+ and +/ter 
testes germ cells proliferated and became 
mitotically quiescent by 16.5 days pc nor- 
mally, but in ter/ter testes proliferated, 
though small in number and degenerated 
subsequently by 16.5 days pc. In germ 
cell-deficient testes of 129/Sv-ter strain 
germ cells continue to proliferate around 
16.5days pc(Noguchi & Stevens. 1982). Thus, 
it is suggested that the ter gene causes 
abnormal proliferation and cell death of 
fetal testicular germ cells at the stage 
susceptible to teratocarcinogenesis, and 
associates with teratocarcinogenesis on 
129/Sv genetic background. 


THE ter GENE FIRST INDUCES PRIMORDIAL GERM 
CELL DEFICIENCY AT 8 DAYS OF GESTATION .IN 
ter CONGENIC C57BL/6J-ter MICE. 

M.Noguchi T.Sakurail>2, T.Iguchi2 and 
K Moriwaki> 1shizuoka Univ., Shizuoka 422, 
2vokohama City Univ., Yokohama 236, SNatl. 
Inst.of Genetics, Mishima 411. 


The ter (teratoma) gene causes primor- 
dial germ cell (PGC) deficiency in ter/ter 
mice at 9.5-13.5 dpc in LTXBJ-ter congenic 
mice (Noguchi, M. 1992). 

To reveal when the PGC deficiency is 
first induced by the ter gene, we exam- 
ined histologically the number and loca- 
tion of PGCs in ter/ter, +/ter and +/+ 
embryos in CS78L/6J-ter at 7.5-12.5 dpc in 
complete serial sections. The ter genotypes 
of embryos were identified by PCR products 
of Gri-i which is closely linked to ter on 
Chr. 18. PGCs were detected by alkaline 
phosphatase staining. 

We found that (1) the number of PGCs in 
ter/ter embryos was not different from 
those of +/ter and +/+ embryos at 7.5 dpc, 
but increased more slowly than those of 
other genotypes at 8.0-12.5 dpc, (2) num- 
bers of PGCs in embryos at 9.5-12.5 dpc 
were similar to those reported previously, 
(3) the migration of PGCs was never affect-— 
ed by the ter gene. These results indicate 
that the ter gene may not affect PGCs 
around 7.5 dpc when PGCs are first detect- 
able, but first affect proliferation of 
PGCs at 8.0 dpc, at the beginning of their 
migration and proliferation period. 


PRESERVATION OF CHICK PRIMORDIAL GERM CELLS. 
M.Watanabe and Y.Yoshizato. Dept. of Biol. Sci., 
Fac. of Sci., Hiroshima Univ., Higashi-Hiroshima. 


Primordial germ cells (PGCs) are the progenitor 
cells for the gametes. However biological property 
of avian PGCs and the mechanisms underlying their 
developmental process are largely unknown. The 
number of PGCs obtained from germinal crescent are 
150 to 250 per chick embryo. Proliferation of avian 
PGCs in vitro has not been reported. In this 
experiment we investigated the preservation of 
chick PGCs in liquid nitrogen in order to obtain 
these cells in a large scale. 

Germinal crescent cut from stage 4 to 7 chick 
embryos were dispersed by the treatment with 5 mM 
EDTA in Hanks’ balanced salt solution without 
calcium and magnesium, followed by mechanical 
dispersion with a 26-gauge needle and 40 um nylon 
mesh. The collected cells were washed with cell 
culture medium and suspended them in freezing 
medium; DMEM (20 % fetal bovine serum) with 10 % 
DMSO as'- cryoprotective agents. One ml of cell 
suspension was placed in a cryotube and stored at 
-20 °C for 2 h and then at -80 °C for. 18 h. The 
cryotube was placed into liquid nitrogen (-196 °C) 
and stored for 1 day. After thawing the cell 
suspension, the cells were washed with cell culture 
medium. Viability of thawed PGCs were 61.5 %, 
which was determined by trypan blue exclusion. 
The PGCs were injected into marginal veins of quail 
embryos. They contributed to the developing 
gonad of injected quail embryos. This result 
shows that the chick PGCs have an ability to 
contribute to gonad after the freezing and thawing 
treatment. 


AN ANALYSIS OF DROSOPHILA MELANOGASTER 
PROFILIN-—DEFICIENT MUTANT 

T. Akiyama, T. Ogihara and T. Motoyama 
Dept. of Physiology, Azabu Univ., 
Kanagawa. 


We have isolated a Drosophila melano-— 
gaster mutant, allelic to the profilin 
gene reported as chickadee. We named the 
allele chickadee’!" in which the oogene— 
sis and the spermatogenesis are disrupt— 
ed, and the bristles are malformed. In 
the mutant nurse cells, cytoplasmic actin 
filaments fail to polymerize and nuclei 
are displaced. The flow of cytoplasm from 
nurse cells to the oocyte is abortive. 
These ovarian phenotypes are principally 
the same as those in chickadee”©57 4nd 
WF57 (Cooley et al. 1992). In addition, 
the egg chamber of chickadee®!"” contains 
a reduced number of cystocytes that are 
binucleated. In some egg chambers, no 
oocyte differentiates. All cystocytes in 
such an egg chamber are morphologically 
similar to nurse cells with polyploid 
nuclei. Mutant male flies have defective 
testes with reduction in a number or 
completely deficiency of cyst. Mutant 
adults have shortened and forked bris— 
tles. We discuss the function of profilin 
in the gametogenesis and bristle develop— 
ment. 
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ISOLATION AND CHARACTERIZATION OF GOLDFISH 
CDC2, A CATALYTIC COMPONENT OF MPF 
H. Kajiura', M. Yamashita”, Y. Katsu’ and Y. Nagahama’ 
‘Lab. of Reprod. Biol., Natl. Inst. for Basic Biol., Okazaki, 
*Div. of Biol. Sci., Graduate School of Sci., Hokkaido Univ., 
Sapporo, *Dept. of Mol. Biomechanics, School of Life Science, 
Grad. Univ. for Advanced Studies, Okazaki. 
Maturation-promoting factor (MPF) consists of catalytic 
cde2 kinase and regulatory cyclin B. We have isolated a cdc2 
cDNA from a library constructed from goldfish oocytes. The 
isolated clone had an insert of 1.3 kbp with an open reading 
frame encoding 302 amino acids and exhibited a high degree of 
homology with human cdc2 (85%) at the amino acid sequence 
level. It has a PSTAVR sequence, insted of the PSTAIR 
sequence common to cdc2 in other species. Its product was 
characterized by monoclonal antibodies against its C-terminal 
sequence. The C-terminal cdc2 antibody recognized an anti- 
PSTAIR-reactive 35kDa protein in immature oocyte extracts. In 
addition to the 35kDa cdc2, mature oocytes contained a 34kDa 
cde2. Experiments with gel filtlation column have suggested 
that the 35kDa protein is monomeric inactive cdc2, while the 
34kDa protein is cyclin B-bound active cdc2. The finding that 
35kDa inactive cdc2 dose not form a complex with any other 
proteins in immature goldfish oocytes is in contrast to the 
situation in Xenopus and starfish, in which cdc2-cycln B 
complex exists already as pre-MPF in immature oocytes. 


MOLECULAR MECHANISMS OF CDC2 KINASE 
ACTIVATION DURING OOCYTE MATURATION. 
M. Yamashita’, H. Kajiura? and Y. Nagahamaz?. 

'Div. of Biol. Sci., Graduate School of Sci., Hokkaido 
Univ., Sapporo and *Lab. of Reprod. Biol., Natl. Inst. 
for Basic Biol., Okazaki. 


The activity of cdc2 kinase, a catalytic subunit of 
maturation—promoting factor (MPF), is controlled by 
phosphorylation and dephosphorylation of specific 
residues on cdc2 kinase itself. Using a cell-free 
system derived from immature goldfish oocytes, we 
have demonstrated that phosphorylation of cdc2 
kinase on threonine, probably on threonine 161, is a 
prerequisite for its activation. We also examined 
whether dephosphorylation of cdc2 kinase on tyrosine 
is necessary for its activation. Escherichia coli- 
produced goldfish cyclin B activated cdc2 kinase in 
both goldfish and Xenopus oocyte extracts. Vanadate, 
a tyrosine phosphatase inhibitor, did not inhibit the 
cde2 activation in goldfish oocyte extracts, whereas it 
did inhibit the activation in Xenopus oocyte extracts. 
We obtained the same result with baculovirus—pro- 
duced human cyclin B. These results indicate that 
tyrosine dephosphorylation is not required for cdc2 
activation in goldfish, whereas it is a prerequisite in 
Xenopus, demonstrating that molecular mechanisms of 
cde2 kinase activation differ from species to species, 
in spite of the involvement of the same molecules. 


CLONING OF CDC2-ACTIVATING KINASE (p40“°") FROM A 
GOLDFISH OOCYTE cDNA LIBRARY 

S. Onoe'”, M. Yamashita” H. Kajiura’, Y. Katsu'*, Y. Nagahama’ 
"Dept. of Mol. Biomechanics, School of Life Science., Grad. Univ. 
for Advanced Studies, Okazaki, “Div. of Biol. Sci., Graduate School 
of Sci., Hokkaido Univ., Sapporo, “Lab. of Reprod., Natl. Inst. for 
Basic Biol., Okazaki. 

Cdc2 kinase is a catalytic component of maturation-promoting 
factor (MPF), a key regulator of cell cycle and oocyte maturation. 
MPF activity appears to be controlled by phosphorylation and 
dephosphorylation of cdc2 kinase itself. In goldfish oocytes, 
threonine (Thr161) phosphorylation of cdc2 kinase is a prerequisite 
for MPF activation. In this study, we isolated a cDNA encoding a 


MO1S 


cde2-related protein kinase (p40" °, a kinase which specifically 
phosphorylates Thr161 in cdc2 kinase) from a goldfish oocyte cDNA 
library. PCR amplification of cde2-related genes in goldfish full- 
grown oocytes was carried out using primers which are highly 
conserved in kinases of the cdc2-family. The PCR product, which 
had the strongest homology to the conserved domain of p40“°", 
used to isolate a full-length cDNA clone. This cDNA encodes a 
protein of 346 amino acids and exhibit a 83% homology with 
Xenopus laevis p40“. p40“°% may be responsible for the 


phosphorylation of cdc2 kinase on Thrl61 during hormone-induced 


was 


meiotic maturation in goldfish oocytes. 


FISH CYCLIN A:ITS cDNA CLONING AND BEHAVIOR 
DURING OOCYTE MATURATION. 
Y.Katsu!.4, M. Yamashita2, T.Hirai3, H.Kajiura? and 
Y.Nagahama* 
1Dept. of Mol. Biomechanics, School of Life Science, 
Grad. Univ. for Advanced Studies, Okazaki, 2Div. of Biol. Sci., 
Graduate School of Sci., Hokkaido Univ., Sapporo, 3Dept. of 
Biosci., Nishi-Tokyo Univ., Yamanashi and 4Lab. of Reprod. 
Biol., Natl. Inst. for Basic Biol., Okazaki. 

Cyclins play key roles in the eukaryotic cell cycle control. 
To examine the role of cyclin A in oocyte maturation, we isolated 
acyclin A cDNA clone from a library constructed from immature 
goldfish oocytes. The isolated 1,566 bp clone contained an open 
reading frame of 1,173 nucleotides encoding 391 amino acids. 
The amino acid sequence had a significant homology with cyclin 
A of other species (43-65%), rather than cyclin B (35-37%). 
Using a monoclonal antibody against E. coli-produced goldfish 
cyclin A, we examined changes in cyclin A protein levels during 
goldfish oocyte maturation induced by 17a, 20B-dihydroxy-4- 
pregnen-3-one, a natural maturation-inducing hormone.In 
contrast to cyclin B that was absent in immature oocytes, cyclin 
A was present in immature oocytes and increased during oocyte 
maturation: This situation differs from that in Xenopus, in which 


cyclin A is absent but cyclin B is present in immature oocytes. 
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DEMONSTRATION AND PURIFICATION OF ACTIVE A PROTEIN KINASE FROM STARFISH OOCYTES 
HAVING AFFINITY WITH DOUBLE-STRANDED RNA. 


PROTEASOME IN GOLDFISH (Carassius auratus) OOCYTE 
Y.Matsumoto, T.Kasahara and S.Ikegami. 


CYTOSOL. Dept. Appl. Biochem., Hiroshima Univ., 
T. Tokumoto!?, M. Yoshikuni?, M. Yamashita}, Y. Nagahama? Higashihiroshima. 


‘Dept. of Mol. Biomechanics, School of Life Science, Grad. Univ. 
for Advanced Studies, Okazaki, Lab. of Reprod. Biol., Natl. Inst. 


for Basic Biol., ?Graduate School of Sci., Hokkaido Univ., Sapporo. 

The cytosol fraction (150,000xg supernatant) of goldfish ovary 
hydrolyzed a fluorogenic peptide, Suc-Leu-Leu-Val-Tyr-MCA, a 
well known substrate for proteasome, regardless of the addition of 
SDS to the reaction mixture. Cytosol fraction containing the SDS- 
independent activity had a band which migrated slower than that of 
purified 20S proteasome and cross-reacted with a monoclonal 
antibody against 20S proteasome. By immunoprecipitation, SDS- 
independent activity precipitated by anti-proteasome. These results 
demonstrate that goldfish oocytes contain a active form of 
proteasome which can hydrolyze its substrate in the absence of 
activators. Using a step elution and ATP, we purified the active 
proteasome to homogeneity from full-grown immature oocytes and 
ovulated, MII arrested oocytes. The subunit composition of goldfish 
active proteasomes was similar to that of 26S proteolytic complex 
reported in human and rabbit. At least two subunits were found to 
be different between proteasomes purified from the immature and 
ovulated oocytes. These results indicate that there is a change in the 
subunit composition of the active proteasome during meiotic 
maturation in goldfish oocytes. 


A protein kinase has been separated 
from an extract of oocytes of the starfish 
Asterina pectinifera by anion-exchange 
chromatography using DE52[0.2-0.4M KCl in 
20mM Tris-HCl (pH 7.8), O.1mM EDTA, 1mM DTT 
and 5 % Glycerol] . Then the kinase 
fraction was further purified by affinity 
chromatography using agarose beads which 
bound poly (I)+poly(C). The purified kinase 
having an apparent molecular mass of 50 
kiloDaltons and a pI value of 4.1 was 
auto-catalytically phosphorylated at 20% 
for 10 min in a buffer containing 25mM 
Tris-HCl (pH 7.8), 5mM magnesium acetate 
and 50mM KCl with 0.1uCi/pl of [7 -32P] ATP 
as a substrate. 

In contrast to eIF2a-Kinase, addition 
of poly (I)-poly(C) (0.0001-100 ug/ml) did 
not affect the reaction rate. The amino 
acid sequence and cellular function of the 
kinase are under investigation. 


MOLECULAR CLONING OF PROTEIN KINASES IN FISH INVOLVEMENT OF PROTEIN POLY(ADP- 
OOCYTE DURING MATURATION RIBOSYL)ATION DURING MEIOSIS REINITIATION 
2. Hirat*, A. Yamaguchi, H. Kayiura, M: Yamashita® and ON GEL: 0 ABS , 3 .Tanuma” and M.Hoshit 
Y Nagahama. Department of Life Science, Tokyo Insti- 
*Dept. of Biosci., The Nishi-Tokyo Univ., Yamanashi; Lab. of gute of Technology, Yokohama and 
Reprod. Biol., Natl. Inst. for Basic Biol., Okazaki; and **Div. of Department of Biochemistry, Faculty of 
Biol. Sci., Graduate School of Sci., Hokkaido Univ., Sapporo. Pharmaceutical Sciences, Science Universi- 
ty of Tokyo, Tokyo 

Oocyte maturation is mainly regulated by protein 
phosphorylation/dephosphorylation cascade. We have previously 
cloned and characterized the two components of goldfish 
maturation promoting factor (MPF), cdc2-kinase and cyclin B, as 
well as a cognate variant of cdc2, cdk2-kinase. To identify other 
members of this cascade, we screened protein kinase cDNAs 
from a library of goldfish mature eggs using an oligonucleotide 
probe coding the conservative region of protein kinases. Finally, 
six positive clones were isolated (named GFKINS, 6, 7, 9, 11 and 
12, respectively). Nucleotide sequencing and homology search 
showed that 1) GFKINS and 12 have consensus phosphorylation 
site of cdc2 (SPGKKR) and the highest homology with NIMA- 
kinase of Aspergillus nidulans, which is reruired for G2/M 
transition in mitosis; 2) GFKIN7 and 9 have the highest 
homology with rat MAP-kinase homologue (ERK1), in which 
regulatory phosphorylation sites (threonine and tyrosine residues 
essential for kinase activation) are conserved; 3) GFKIN11 has 


An inhibitor of poly(ADP-ribose) 
polymerase, 3-aminobenzamide, blocked 1- 
methyladenine-induced meiosis reinifjation 
of starfish oocytes. Injection of [’“P]NAD 
into starfish oocytes followed by SDS-PAGE 
and autoradiography revealed that incorpo- 
ration of the label into several proteins 
was enhanced by hormonal stimulation of 1- 
methyladenine. Conversely, the stimulated 
incorporation was inhibited by 3-aminoben- 
zamide. Radioactive compounds were digest- 
ed by phosphodiesterase and released 
components were identified as AMP and 
phosphoribosyl1-AMP using thin layer 
chromatography, indicating that they were 
poly(ADP-ribose). Injection of cytoplasm 
containing maturation-promoting factor 
into 3-aminobenzamide-treated oocytes 
could not induce meiosis reinitiation. 
These results indicate that 1-methylade- 
nine-stimulated poly(ADP-ribosyl)ation is 


the highest homology with myosin light chain kinase; 4) 
GFKIN6 has slight homology with casein kinase II & subunit. 
We also raised antibodies against E. coli-produced proteins for 
these cDNAs and investigated changes of these kinases during 
oocyte maturation. 


prerequisite to germinal vesicle breakdown 
and suggest that poly(ADP-ribosyl)ation is 
involved in the amplification of matura- 
tion-promoting factor. 
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INVOLVEMENT OF AN INHIBITORY G-PROTEIN IN 
TRANSDUCING THE ACTION OF MATURATION- 
INDUCING HORMONE (17a,20B-DP) IN RAINBOW TROUT 
(Oncorhynchus mykiss) OOCYTES. 

Michiyasu Yoshikuni and Yoshitaka Nagahama 

Lab. of Reprod. Biol., Natl. Inst. for Basic Biol., Okazaki. 

We have previously reported that maturation-inducing hormone 
(170,208-dihydroxy-4-pregnen-3-one, 170,20B-DP) acts on a 
receptor on the external surface of rainbow trout oocytes. Several 
lines of evidence also suggest that a decrease in cAMP is involved 
in the mechanism of 170,20B-DP's maturational action in fish 
oocytes. In this study, we examined interaction of G-proteins with 
17a,20B-DP receptors using crude membranes of rainbow trout 
postvitellogenic oocytes. Pertussis toxin (PT) catalyzed the ADP- 
ribosylation of 40k-Da protein, and cholera toxin (CT) labeled 
several proteins. The 40-kDa protein strongly reacted with an 
antibody against the @-subunit of inhibitory G-proteins (Gi). 
Pretreatment of the membrane fraction with 17a,20B-DP 
decreased the PT-catalyzed ADP-ribosylation of the 40-kDa 
protein. Specific binding of 17a,20B-DP to membrane fractions 
was suppressed by PT. 170,20B-DP binding was also inhibited by 
non-hydrolyzable GTP analogs, GTPyS and GppNHp, but not by 
ATP and GDPBS. Scatchard analysis revealed that GppNHp 
caused a 3.8-fold increase in dissociation constant, with no change 
in the binding capacity, suggesting that the GppNHp-induced 
decrease in 170,208-DP binding is due to the decrease in binding 
affinity between 170,20B-DP and its receptors. It is concluded 
that the PT-sensitive Gi is involved in tansducing the 
maturational action of 17a,20B-DP in rainbow trout oocytes. 


OVARY EXTRACTS OF SPAWNING ANIMALS OF THE 
ASCIDIAN, HALOCYNTHIA RORETZI/, |INDUCE THE 
OOCYTE MATURATION AND THE SELF-STERILITY 

‘T. Numakunai, 2M. Kakimoto and H. Yokosawa, 'Mar. 
Biol. Stat., Fac. of Sci., Tohoku Univ., Asamushi, ?Dept. 
of Biochem., Fac. of Pharmaceutical Sci., Hokkaido Univ., 
Sapporo. 


Ovarian egg mass of spawning animals of H. roretzi 
was suspended in sea water (ovarian egg mass : sea 
water=60m! : 60ml). After stirring briefly, the suspension 
was centrifuged at 250xg for 15'. The resulting supernatant 
(60m!) was lyophilized. To the lyophilized material 6m! of 
sea water was added and the suspension was kept at 
0°C for several hours. After centrifugation at 25,000xg for 
30', the resulting supernatant was subjected to gel filtration 
on a Sephadex G-75 column (the first gel filtration), while 
the resulting precipitate was suspended again in 6ml sea 
water, kept at O°C for 12hrs, and subjected to the gel 
filtration on the same column (the second gel filtration). In 
the first gel filtration a peak showing activity to inhibit the 
oocyte maturation was obtained at low molecular weight 
fractions, while in the second, two peaks showing activities 
to induce both the oocyte maturation and the self-sterility 
were obtained; the first peak showed a trypsin-like enzyme 
activity. A trypsin-like enzyme was purified from the ovarian 
egg mass. The purified enzyme showed the activity to 
induce the oocyte maturation and the self-sterility. 


cDNA cloning of the precursor protein of 
egg envelope of Medaka, Oryzias latipes. 
K. Murata*, K.Yamazaki*, T. Sasaki*®, S. 
Yasumasu*, I. Iuchi*, I. Yasumasu and K. 
Yamagami*. 

1: Life Sci. Inst., Sophia Univ., Tokyo. 
2: Dept. of Biol., Sch. of Educ., Waseda 
Univ., Tokyo. 3: Research Laboratory, 
Zenyaku Kogyo Co., Ltd., Tokyo. 


The Medaka egg envelope consists of the 
subunits, ZI-1,-2 and -3. These proteins 
are synthesized in the spawning female 
liver during the breeding season and in 
the liver of male fish under the influence 
of estrogen(Ez). These precursor proteins 
were named high molecular weight- and low 
molecular weight-spawning female specific 
substances (H-SF substances and L-SF 
substance). A nearly full length cDNA 
clone (L-SF41E) encoding the entire 
sequence of L-SF substance was isolated 
from the A ZAP cDNA library constructed 
with poly (A)* RNA extracted from the 
liver of spawning females and the liver of 
E2-treated males. The molecular weight of 
the L-SF substance as determined with the 
purified protein was 49 K and that deduced 
from the cDNA was 46,768. The amino acid 
composition deduced from the sequence of 
L-SF41E was closely similar to that of the 
purified protein. 


Isolation of 95-110kDa and 65kDa Proteins, 
the Constituent Protein Subunits of the 
Egg Envelope (Chorion) of Medaka 

H. Sugiyama, K. Murata, I. Iuchi and K. 
Yamagami 

Life Sci. Inst., Sophia Univ., Tokyo 


The inner layer of oocyte envelope of 
Medaka, solubilized by 6% SDS and examined 
by SDS-PAGE, consists of three 
glycoprotein subunits, ZI-1, -2(74-76kDa), 
and Z1I-3(49kDa). Their precursors, H-SF 
and L-SF, are produced in hepatic cells of 
spawning female, transported by blood 
stream and integrated into the inner 
layer. In order to compare the molecular 
structure of H-SF or L-SF with that of ZI- 
il, oF OR Sp SG Dwipabiwilocl “ll=il, = ore =6) 
from the egg envelope. 

Unfertilized egg envelope could be 
solubilized by boiling it in 8M urea buf- 
fered with 20mM Tris-HCl(pH6.8). Examined 
by SDS-PAGE, the solubilized materials 
consisted of some major components of 
about 160kDa, 95-110kDa and 65kDa, which 
are probably corresponding to an inter- 
mediate formed during the hardening of egg 
envelope, ZI-1, -2, and ZI-3, respec- 
tively. From the materials solubilized by 
8M urea, we isolated 95-110kDa and 65kDa 
protein by the combined performance of gel 
filtration and Q-Sepharose column 
chromatography in the presence of 8M urea. 
Peptide.maps of these glycoproteins were 
made by proteolytic digestion. Some frag- 
ments of them were sequenced, and com- 
pared with those of the precursors. 
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EXPERIMENTAL EVIDENCE OF OOCYTE ROTATION FSH STIMULATES PROLIFERATION OF 
WITHIN OVARIAN FOLLICLES IN THE MEDAKA. NEWT SPERMATOGONIA VIA SERTOLI CELLS IN 
T. Iwamatsu, Dept. Biol., Aichi Univ. AGGREGATION CULTURES IN CYNOPS 
Educat., Kariya 448. PYRRHOGASTER. 
es eee eee ee ee K. Maekawa, T. Yamamoto and S.-I. Abe. 
The purpose of the current investigation Dept. of Biol. Sci., Fac. of Sci., 
was to ascertain whether medaka oocytes Kumamoto Univ., Kumamoto. 
actually rotate within the follicles. Iso- Ci ana a 
lated medaka follicles were incubated for We previously showed that follicle- 
3 hrs at 26°C in modified L15 Medium sup- stimulating hormone (FSH) induces 
plemented with fetal calf serum and genta- proliferation and differentiation of 
micine. During incubation, movement of oo- secondary spermatogonia into primary 
cytes held on a glass slide under a micro- spermatocytes in organ culture of testes 
scope was recorded for analysis by a video fragments(Ji et al., D.G.D., 1992). 
cassette recorder. Movement of the follic- In order to elucidate the mechanism 
ular surface was traced by marking the sur- of FSH action, we measured the DNA 
face of the follicle with carbon particles, synthesis activity of purified 
while movement of the intrafollicular oo- spermatogonia alone and the mixture of 
cyte within the follicle was traced by dis- spermatogonia and Sertoli cells which 
location of its attaching and non-attach- were cultured in agergeation and 
ing filaments on the chorion. The rotation incubated with (“H] thymidine. 
of oocytes within a thick chorion was in- Incorporation of [H]thymidine into 
hibited by impaling the oocytes with a Sertoli cells was negligible. 
glass needle at a right angle to the oo- Spermatogonia plus Sertoli cells showed 
cyte axis and by treatment of cytochalasin about 30% higher DNA synthesis activity 
B. The rotation was not observed when the in the presence of FSH than in the 
thecal cell layer and basement membrane absence, whereas only spermatogonia 
were mechanically removed. It was found showed no difference in DNA synthesis 
that medaka oocytes do rotate within the activity in the presence and absence of 
basement membrane of follicle. FSH. These results indicate that FSH 
stimulates DNA synthesis of 
spermatogonia via Sertoli cells. 
Monoclonal antibodies against 


antigens which would appear in cultured 
testes fragments in the presence of FSH 
are now being isolated. 


ENZYME-LABELLED LECTIN BINDING TO TESTIS FSH STIMULATES DIFFERENTIATION OF 
OF CRICKET GRYLLUS BIMACULATUS. NEWT PRIMARY SPERMATOCYTES INTO 
A.C.Suzuki, K.Nishimura. Dept. of Biol., SPERMATIDS VIA  SERTOLI CELLS IN 
Keio Univ., Yokohama. AGGREGATION CULTURES IN CYNOPS 
yw” PYRRHOGASTER. 

The sugar chain expression in germ Ge Be ily Ke Kubokawa2 and S.-I. Abé-. 
cells of cricket Gryllus bimaculatus Dept. of Biol.Sci., Fac... of Scei., 
during the spermatogenesis was Kumamoto Univ., Kumamoto and “Ocean Res. 
investigated using peroxidase conjugated Inst., Univ. of Tokyo, Tokyo. 
lectins. Testes of several instar larva ———————————————————————————— 
were fixed in Bouin's solution, embedded We previously showed that FSH 
in paraffin, and their affinity to stimulates differentiation of primary 
lectins were tested. _ Fal es : spermatocytes to elongate spermatids in 

N-acetylgulucosamine-binding lectin, organ culture of testes fragments(Ji and 
succinylated WGA, bound specifically to Abe, Ann. Meeting of Dev. Biol., 1993). 
cell surface and some granules in To elucidate the mechanism of FSH 
spermatogonia. Of the galactose- or N- action, purified primary spermatocytes 
acetylgalactosamine-binding lectins, alone and mixture of primary 
RCA-I and DBA bound to spermatogonia as spermatocytes and Sertoli cells were 
S-WGA. These bindings were not observed cultured in aggregation in the presence 
after this stage, On the other hand, SBA and absence of FSH and differentiation 
bound strongly to spermatogonia, efficiency was examined after 1 week. 
spermatocyte and young spermatids. In Culture of primary spermatocytes alone 
spermatids, SBA bound exclusively to resulted in no difference in 
Golgi body or acrosomal granule. PNA, differentiation efficiency in the 
GSL-B4 and SJA could not bind to germ presence and absence of FSH. However, 
cell in the testis at any stages. mixed culture with Sertoli cells 

Of the fucose-binding lectins, increased differentiation efficiency in 
UEA-I could not bind to the testis at any the presence of FSH compared to the case 
stages. However, the reactivity to AAA in the absence of FSH. Radioreceptor 


was detected at primary spermatocyte. The 


reactivity to three mannose-binding Tilorimne HSN G Se é 

a rtoli cells but not 
aeoeTue ea ah and oe ae cece to germ cells. These results indicate 
ee ae mor 5 crap Seek ae gt ctr ae ray that FSH stimulates differentiation of 


cman anne onenas slightly at the primary spermatocytes to spermatids via 
eginning of meiosis. Sopton’l eile. 


ag ay showed specific binding of 
[ 3 
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HORMONAL INDUCTION OF ALL STAGES OF 
SPERMATOGENESIS IN GERM-SOMATIC CELL 
COCULTURES FROM IMMATURE JAPANESE EEL TESTIS 
C. Miura, T. Miura and Y. Nagahama 

Lab. of Reprod. Biol., Natl. Inst. for Basic Biol., Okazaki 


In the cultivated male eel, spermatogonia are the only germ cells 


present in the testis. Our previous studies using an organ culture 
system have shown that gonadotropin and 11-ketotestosterone 
(11-KT, a potent androgen in teleost fishes) can induce all stages 
of spermatogenesis in vitro. In this study, the interaction 
between germ cells and testicular somatic cells during 11-KT- 
induced spermatogenesis was studied using cocultures of germ 
and somatic cells derived from the immature eel testis. The testes 
were minced and treated with collagenase and dispase. The 
released single cells were filtered through meshes and collected 
by centifugation. The resulting pellets of germ and somatic cells 
were cultured with or without 11-KT for up to 30 days and were 
fixed at time intervals for histological study. In cultures without 
11-KT for 30 days, there were still only spermatogonia. In 
contrast, the presence of 11-KT caused a marked change in 
culture appearance, inducing the entire process of 
spermatogenesis from premitotic spermatogonia to spermatozoa. 


IMMUNOHISTOCHEMICAL OBSERVATION 
OF POLYFUSOME IN EARLY 
SPERMATOGENESIS OF DROSOPHILA 
Y.lwai, F.Maruo and M.Okada. Inst. Biol. Sci., 
Univ. of Tsukuba, Tsukuba. 


We have reported a monoclonal antibody (MAb), 
BN461, which recognizes a component of 
polyfusome (PF) in Drosophila early oogenesis. 
PF is also observed during spermatogenesis as 
well as ocgenesis in some insect species. 
However, there is no information about PF in 
Drosophila spermatogenesis. To examine 
whether PFs exist in Drosophila testis, we made 
immunohistochemical observations using BN461 
MAb. In spermatogonia and spermatocytes, 
BN461 MAb recognized the structure that 
extended branches through cytoplasmic bridges 
into all cells of a germline cell-cluster. This 
structure is regarded as a male counterpart of the 
female PF based on these data. In addition, 
fluorescent-labeled phalloidin stained the same 
Structure. These show that PFs exist during 
spermatogenesis and contain F-actin 
abundantly. Immunoblot analyses of the sample 
from testes resolved the Ag into a protein of MW 
220kD identical with one from ovaries. This 
indicates that PFs contain the same component 
in both females and males. 


MEIOTIC DIVISIONS IN AUTOTETRAPLOID MALES 
OF RANA NIGROMACULATA. 

Y. Kondo. Lab. for Amphibian Biol., Fac. 
of Sci., Hiroshima Univ., Higashihiroshima. 


In order to analyze the meioses of 
tetraploids in Rana nigromaculata, the 
testes of five three-year-old autotetra- 
Ploid males which were third generation 
offspring of a tetraploid male produced 
from an unfertilized eggs by injection of a 
triploid blastura nucleus were observed. 
Six to 22 meiotic figures, 74 in total, at 
the first meiosis were obtained from _ the 
five autotetraploid males. Of these meiotic 
figures, three (4.1%) had only tetravalent 
chromosomes, and four (5.4%) others’ had 
only bivalent chromosomes, while 29 (39.2%) 
had a mixture of tetravalent and bivalent 
chromosomes. Of the remaining 38, nine 
(12.1%) had univalent chromosomes and 29 
(39.2%) had amixture of trivalent and 
univalent chromosomes’ in addition to 
tetravalent and bivalent chromosomes. Of a 
total of 1447 chromosomes of the 74 meiotic 
figures, 498 (34.4%) were tetravalent 
chromosomes, While 825 (57.0%) were bi- 
valent chromosomes. Trivalent and univalent 
chromosomes were 41 (2.8%) and 83 (5.7%), 
respectively. Thus, it was evident that the 
Paring between homologous chromosomes 
occurred in a high frequency in the meioses 
of autotetraploid males. 


TISSUE SPECIFICITY OF SPERM 27kDa AUTOANTIGEN 
OF THE NILE TILAPIA, Oreochromis niloticus. 

K. Mochida!, H. Kudo!» 2, I. Nakamura!, S. Adachi! , 

H. Ueda!: 2 and K. Yamauchi!. !Dept. of Biol., Hakodate, 2Toya 
Lake Stn. for Environ. Biol., Abuta-gun, Fac. of Fish., Hokkaido 


Univ. 


In the testes of teleosts, several autoantigens are expressed 
on the sperm plasma membrane during spermiogenesis, 
indicating some sperm-specific functions during and after 
spermiogenesis. To investigate the functions of these 
autoantigens, monoclonal antibodies (mAb) were produced and 
further characterized using Western blotting and 
immunohistochemical analysis. In this study, we present the 
characteristic of one of mAbs, the Testicular Antigen of Tilapia 
(TAT-10). 

TAT-10 recognized the 27kDa antigen, which was localized 
in type A and early B spermatogonia, spermatids in late 
spermiogenesis and in the midpiece of spermatozoa. The TAT- 
10 (27kDa) antigen was also observed in the ovary, olfactory 
organ and brain, and had the same molecular weight as in the 
testis. In the ovary, the 27kDa antigen was first noted in the 
cytoplasm of oogonia and oocyte at the perinucleolus stage, and 
finally in the nucleoplasm of oocyte at yolk vesicle stage. TAT- 
10 antigen was localized in the neurons and nerve bundles of 
the olfactory organ, and in the olfactory bulb and several 
nerve cells of some parts of brain. However, specific function 
of the TAT-10 antigen is not yet known. Investigation of the 
function and cDNA cloning of the antigen is in progress. 
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Xenopus laevis SERUM ALBUMIN IN THE TESTIS: 
ITS POCALT ZATION AND PURIFICATION. 
M.NAKAMURA', M.TAKASE! and T.YAMANOBE? . 
‘Lab. for Amphibian Biol., Fac. of Sci., 
Hiroshima Univ., Higashi-Hiroshima and 
*Centr. Lab. of Anal. Biochem., Sch. of 
Med., Teikyo Univ., Tokyo. 

The Sra Of serum albumin in the 
X. laevis testis is of interest because of 
its ability to bind testosterone (T) in the 
plasma and interstitial fluid. This study 
was undertaken to determine the localiza- 
tion and purification of serum albumin in 
X. laevis testis. Immuno-histochemical 
Studies revealed that serum albumin 
occurred in substantial concentration 
throughout the interstitial tissue and also 
spermatogonia, but there found no signifi- 
cant activity of albumin in other types of 
cells. To confirm that serum albumin was 
localized on the surface of cells in the X. 
laevis testis, the membrane-rich fraction — 
WaS prepared from testes. By the KCl extra- 
ction, gel filtration, AmSO, precipitation 
and HPLC, a protein with Mr=74 kDa was 
obtained. The N-terminal sequence of first 
19 amino acids of this protein was 
DTDADXXKXIADVYTALTE, indicating that it was 
the 74 kDa serum albumin. When the membrane 
fraction of blood cells in this animal was 
handled in the same manner, no appreciable 
amount of albumin was detected. These 
results suggest that the 74 kDa serum 
albumin probably carrying T is associated 
with the surface of cells in the intersti- 
tial tissue and spermatogonia, and may play 
an important role in the regulation of 
spermatogenesis in this species. 


IMMUNOLOGICAL SIMILARITY BETWEEN AN 
OLFACTORY SYSTEM-SPECIFIC. PROTEIN AND 
A TESTICULAR GERM CELL PROTEIN IN 
KOKANEE SALMON (ONCORHYNCHUS NERKA) 

H. Uedal, H. Kudol,2, M. Shimizul,3, k. 
Mochida2, §. Adachi2 and K. Yamauchi2. 
Itoya Lake Stn. for Environ. Biol., Abuta- 
gun, 2Dept. Biol., 3Res. Inst. of North 
Pacif. Fish., Hakodate, Fac. of Fish., 
Hokkaido Univ. 

An olfactory system-specific protein (N24; 
molecular weight 24 kDa) was examined for 
immunological similarity to proteins from 
various organs (heart, intestine, kidney, 
muscle, ovary and testis) of mature kokanee 
salmon (Oncorhynchus nerka) by mean of 
Western blotting analysis using a 
polyclonal antibody to N24. The antibody 
recognized one 24 kDa protein in the testis 
but none in the other organs examined. 
Immunoelectron microscopic analysis 
revealed that immunoreactive gold particles 
were mainly concentrated on the nuclei of 
spermatids and spermatozoa, while no 
specific gold particles were observed on 
the nuclei and the cytoplasm of spermato- 
gonia, spermatocytes, Sertoli, Leydig and 
peritubular cells in maturing and mature 
testes of kokanee salmon. This is the 
first report of an antigenic similarity 
between an olfactory system-specific 
protein and a testicular germ cell protein 
in the animal kingdom. This corresponding 
protein may prove to be a useful molecular 
marker for studying the mechanism of sperm 
chemotaxis during fertilization. 


CLONING OF cDNAS DIFFERENTIALLY EXPRESSED IN 
EEL TESTES IN THE FIRST 24 HR AFTER 
GONADOTROPIN TREATMENT 

T. Miural, K. Yamauchi2 and Y. Nagahamal!. 

lLab. of Reprod. Biol., Natl. Inst. for Basic Biol., Okazaki, 
and 2Fac. of Fisheries, Hokkaido Univ., Hakodate 


We have previously reported that a single injection of human 
chorionic gonadotropin (HCG) can induce all stages of 
spermatogenesis in immature eel testes. We have applied a 
subtractive hybridization method to identify genes that 
expressed differentially in eel testes in the first 24 hr after HCG 
treatment in vivo, which ultimately induces spermatogenesis. 
mRNA was extracted from testes with or without a single 
injection of HCG for 24 hr. With this method we hope to clone 
specific cDNAs expressed in each stage. So far two up- 
regulated (3.2 and 3.4 kb) and six down-regulated (0.8, 1.2, 
1.4, 1.5 and 1.6 kb) cDNAs have been obtained. From its 
deduced amino acid sequence, one of the up-regulated cDNAs 
was identified to be a activin B subunit. These up- and down- 
regulated genes may be involved in regulating the early stages 
of spermatogenesis in the eel testis. 


CLONING OF PROTAMINE cDNA OF THE MEDAKA 
(Oryzias latipes) 


M. Tamura’, T. Endo!', S. Tone’, 

H. Yamamoto? and K. Onitake'. 'Dept. 
of Biol., Fac.of Sci., Yamagata Univ., 
Yamagata, *Dept.of Biochem., Wakayama 


Med. College, Wakayama and *Biol. Inst., 
Fac. of Sci., Tohoku Univ., Sendai. 


Protamines or sperm specific basic 
proteins are small highly basic proteins 
which are substituted for histones in 
the chromatin of sperm during the sper- 
matogenesis. They compact the sperm DNA 
into highly condensed, stable and in- 
active complex. In order to examine the 
molecular mechanism of spermatogenesis 
in the medaka, Oryzias latipes , we 
cloned cDNA of the medaka protamines . R 
NA was extracted from the the medaka te 
stes and poly(A)* RNA was purified by 
Oligo-Tex. Double-strand cDNA was pre- 
pared using a cDNA synthesis kit, and 
the randomly primed cDNA was inserted 
in gtil using a gtll cloning kit 
system and Gigapack gold packaging 
extract. The gtil library containing 
2.7810‘ independent recombinants was 
screned with polyclonal antibody against 
medaka protamines, and many positive 
clones were obtained . A positive clone 
named MP-1 was found to-encode arginine 
clusters which are characteristic to 
of protamines. 
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IN VITRO CULTURE OF MOUSE PRIMORDIAL GERM 
CELLS FROM, THE POST IMPLANTATION EMBRYOS. 
E.Kawase’’ *? .Shirayoshi , K.Hashimoto’, 
N.Nakatsuji . “Mammal. Dev. Lab., Natl. 
Inst. of Genet., Mishima and “Div. of Dev. 
Biol., Meiji Inst. of Health Sci., Odawara. 


Recently, we found that the Buffalo rat 
liver cell-conditioned medium (BRL-—CM) 
promoted proliferation and/or survival of 
primordial germ cells (PGCs) isolated from 
7.5 to 12.5 dpc mouse embryos in culture on 
STO feeder cells. BRL-CM contains soluble 
type of SCF, LIF and other known/unknown 
factors, but excluding bFGF. The rate of 
proliferation in such culture condition, 
however, is still much lower than that in 
vivo. In this study, we isolated PGCs from 
8.5 dpe embryos (allantois - hind gut 
fragments), and cultured them in BRL-CM on 
a feeder cell line of the mouse embryonic 
liver cell line S1/m220, which expresses 
membrane-—associated SCF. Number of PGCs 
continued to incrase drastically until day 
5. Addition of forskolin to media caused to 
proliferate further until day 6. Mainte- 
nance of such PGCs cultures is, so far, 
still difficult. 

This work was supported by the Science 
and Technology Agency, using the special 
Coordinating Funds for Promoting Science 
and Technology. 


FERTILIZATION MEDIATED SPERM CARRYING CELL OF 
SYCON CALCARAUIS, CALCAREOUS SPONGE. 

K. Gkada and Y. Watanabe. Dept. of Biol. Ochanomizu 
Univ., Tokyo. 


In some calcareous sponge, unique process of 
fertilization has been reported that spermatozoa 
do not enter the eggs directly, but are transported 
to the oocytes by cellular intermediaries, modified 
choanocytes called carrier cells. 

We examined the structure of spermiocyst 
contained within the carrier cell which contact with 
oocyte in Sycon calcaravis, using transmission 
electron microscope. In the early stage, the small 
oocytes migrated in the mesohyl. When the carrier 
cells came contact with the oocytes, they situated 
immediately below the choanoderm. In the carrier 
cell the spermatozoon, perhaps transformed intact 
sperm, was enclosed in a vesicle called spermiocyst. 
We observed in a spermiocyst two main structures; 
a sperm nucleus with concave portion, and amount 
of fibrous materials about 18nm in diameter around 
the nucleus. When two membranes of oocyte and 
Carrier cell united each other, the spermiocyst that 
situated the nearest side to the oocyte protruded 
and finally entered into the oocyte. As the 
cytoplasm of oocyte came in contact directly with 
the membrane of the spermiocyst, an electron 
dense zone appeared around the spermiocyst in the 
ooplasm. At the time of spermiocyst entrance, 
oocyte did not attain full size and had a large 
germinal vesicle. It is considered that meiosis and 
growth of oocyte occur after sperm entrance. 


STUDY ON THE EXPRESSION OF A PUTATIVE 
PRECURSOR mRNA FOR SPERM-ACTIVATING 
PEPTIDE I BY IN SITU HYBRIDIZATION 

H. Kinoh!, T. Shimizu!, H. Fujimoto2, 
and N. Suzuki!. !Noto Marine Lab. 
Kanazawa Univ., Ishikawa, 2Dept. of Biol. 
Coll. of Art & Sci. Univ. of Tokyo, 
Tokyo. 


In the previous study, we have isolated 
and sequenced a cDNA encoding a putative 
precursor for SAP-I (Gly-Phe-Asp-Leu-Asn- 
Gly-Gly-Gly-Val-Gly) and its derivatives 
in the sea urchin Hemicentrotus 
pulcherrimus. Using this clone as template, 
we synthesized a non-radioactive RNA probe 
and studied the expression of SAP-I 
Precursor gene by in situ hybridization. 
Results showed that the antisense prbe 
hybridized strongly to the cytoplasm of 
the accessory cells. Staining was not 
Significant in the cytoplasm of oocytes or 
in the ovarian epithelial and smooth muscle 
cells. In order to ascertain respiratory 
stimulation ability of 1.3kb cDNA-expressed 
Products, an expression vecter (pGEX-2T) 
was constructed and expressed in_E. coli. 
The 60 kDa fusion protein (2.4 x 10-7 M) 
stimulated sperm respiration (668 nmol 07/ 
min/ml + g wet weight spermatozoa). The 
antiserum against the fusionn protein did 
not react specifically to an expected 
SAP-I precursor protein in H. pulcherrimus 
ovaries collected in December and February. 


OLIGOSACCHARIDES LIBERATED FROM ACROSOME 
REACTION-INDUCING SUBSTANCE (ARIS) HAVE 
SOME ACTIVITY OF ARIS. 
T. Okinaga and M. Hoshi, Dept. of Life Science, Faculty 
of Bioscience and Biotechnology, Tokyo Institute of 
Technology, Kanagawa 

Acrosome reaction-inducing substance (ARIS) of 
the starfish, Asterias amurensis, is a sulfated glycoprotein 
with a huge molecular size (>10’). The activity of ARIS 
mainly depends upon the sugar moiety. In order to study 
whether the sugar moiety of ARIS is recognized by sperm 
or not, we examined whether partial oligosaccharides 
derived from ARIS sugar chains retain activities. Pronase 
digest of ARIS was hydrolyzed with mild acid and 
fractionated by gel-filtration, which resulted in three 
fractions. Each fraction of oligosaccharide mixture was 
added to sperm prior to the addition of egg jelly solution. 
The addition of oligosaccharide mixture inhibited the jelly- 
induced acrosome reaction. This inhibition is known as 
the pretreatment effect. This result suggests that sperm 
recognize at least the sugar chain of ARIS. 
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PURIFICATION AND SEQUENCING OF SPERM 
ACTIVATING PEPTIDES IN THE JELLY COAT OF 
STARFISH ASTERIAS AMURENSIS 

T. Nishigaki, K. Chiba, W. MIki* and M. Hoshi 

Dept. of Life Sci., Tokyo Inst. of Tech., Yokohama 
and *Marine Biotech. Inst., Shimizu 


Upon encountering the jelly coat of homologous eggs, 
starfish spermatozoa undergo the acrosom reaction in 
response to three jelly components; ARIS, Co-ARIS and 
Sperm Activting Peptide (SAP). From egg jelly coat of 
Asterias amurensis, we have purified twelve SAPs that 
accerate the motility and O, consumption of spermatozoa in 
slightly acidic sea water. Five of them so far sequenced are 
glutamine-rich peptides of 34 residues, with one exceptional 
case of 33, and contain the following sequence in common; 
-GV(orL)CIAR VRQQHQGQDET(orA)SIFQAIL-. While 
the amino terminal regions are rather variable(GQTQF-, 
GDKEM-, GNKEM- and GASEM-), the carboxy terminals 
are identical (-SQYQS ) except one SAP with a similar 
stracture (-RQSQ). Starfish and sea urchins do not share 
any similar micro-sequence in SAPs. 


ENDOGENOUS SUBSTRATES FOR ENERGY METABOLISM 
IN SPERMATOZOA OF THE SEA URCHINS Arbacia 
lixula and Paracentrotus lividus 
Mle itenas, We Ogneaie, So Kikuyama, Ie 
Yasumasu“~, R. De Santis?, M. Nakamura‘. 
Teikyo Junior College, Tokyo, Dept. of 
Biol., Sch. of Educ., Waseda Univ., Tokyo, 
Stazione Zoologica ‘Anton Dorn’, Neaples, 
Italy, “Dept. of Biol., Sch. of Med., 
Teikyo Univ., Tokyo. 
Energy metabolism in sea urchin 


spermatozoa of the sea urchins, Arbacia 
Jixula and Paracentrotus lividus, which 
belong to the order Arbacioida and 
Echinoida, was studied. P. lividus sperm 
were consist of various phospholipids and 
cholesterol. Following dilution of the dry 


sperm in seawater, a rapid decrease in the 
level of phosphatidylcholine GEG) was 
observed, but other phospholipids remained 


at constant levels. In the contrast, the 
sperm of A. Jixula contained not only 
Phospholipids and cholesterol but also 
triglyceride (TG). Following incubation of 


A. lixula sperm in seawater, TG was shown 
to decrease, with no concomitant change in 
the levels of phospholipids. The A. lixula 
sperm contained several lipid globules at 
the bottom of the midpiece, while P. 
lividus sperm possessed lipid bodies in the 
space between the mitochondrial outer and 


inner membrane. These suggest that A. 
lixula and P. lividus sperm obtain energy 
for swimming through oxidation of 


endogenous TG in lipid globules and PC in 
lipid bodies, respectively. 


FURTHER EVIDENCE FOR PARTICIPATION OF 
SPERMOSIN IN FERTILIZATION OF THE 
ASCIDIAN, HALOCYNTHIA RORETZI 

H. Sawada, K. Iwasaki, and H. Yokosawa 

Dept. of Biochem., Fac. of Pharmaceutical Sci., 
Hokkaido Univ., Sapporo. 

We previously reported that two trypsin-like 
enzymes (acrosin and spermosin) and a chymotrypsin- 
like enzyme (proteasome) of sperm origin may be 
involved ina process including the sperm binding and 
penetration of the vitelline coat in the ascidian, 
Halocynthia roretzi. Here, we present further evidence 
for the participation of spermosin in fertilization by 
using an antibody raised against spermosin. 
Localization of spermosin in sperm and its timing of 
gene expression in the gonads were also investigated. 
The anti-spermosin IgG inhibited the fertilization in a 
dose-dependent manner. Immunological studies 
showed that spermosin is localized in the sperm head 
region and is released upon the sperm reaction. By 
western blot analysis, it was revealed that the 
transcriptional level of spermosin in the gonads is at 
its maximum before the spawning season and then 
decreased, while the translation of spermosin begins 
before the spawning season and reaches to a maximum 
level at the spawning season. These results suggest 
that spermosin expressed at the beginning of the 
spawning season is localized at the sperm head and 
plays an essential role in fertilization of H. roretzi. 


INITIATION MECHANISMS OF SPERM MOTILITY 
IN THE NEWT, CYWOPS PYRRHOGASTER (1) 

Is a decrease of osmolality essential to 
the initiation of sperm motility ? 
M.Ukita and kK.Onitake. Dept.of Biol., 


Recent studies revealed that a decrease 
of osmolality initiated sperm (SP) 
motility in amphibia including the newt. 
We investigated whether a decrease of 
osmolality triggered the initiation of 
SP motility in Cynops, and the similar 
results mentioned above were obtained. 
However, the experimental procedures 
such as diluting SP by various solutions 
don't reflect the normal fertilization 
environments in the newt, because the 
insemination is achieved in the female's 
cloaca with the SP stocked in it prior 
to the immersion of egg into water. Then, 
we examined whether SP motility 
is initiated without immersing SP in 
water. Eggs isolated from oviduct were 
inseminated immediately with undiluted 
dry SP. Although these eggs were never 
immersed in water, the sperm entry 
points were observed about 10 min after 
insemination. Further, the histochemical 
examination showed that the SP 
penetration into jelly layers occured at 
30 sec after insemination. 

It is demonstrated that a decrease of 
osmolality is an artificial initiating 
factor of sperm motility, and that the 
essential factors which initiate the 
sperm motility may be involved in the 
jelly layers in Cynops. 
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INTERACTION BETWEEN SPERM AND EGG JELLY 
LAYERS IN THE NEWT, CYWOPS PYRRHOGASTER. 
S. Kamimura and K. Onitake. Dept. of 
Biol., Fac. of Sci., Yamagata Univ., 
Yamagata. 


We have previously reported that the 
Cynops sperm passed through the jelly 
layers into capsular chamber caused 
acrosome reaction (AR) in very high rate. 
In the present study, we investigated 
the interaction between sperm and jelly 
layers at fertilization using jelly- 
model systems composed of jelly layers 
alone. By histological observations, we 
distinguished four layers, Jl to J4, 
from the innermost to the outermost. 
Furthermore, the outer of v4 was 
invested tightly by the sticky layer. 
In order to examine the role of each 
jelly layer, various combinations of 
four layers were made in model systems. 
After inseminating sperm to the model 
systems,a percentage of AR-induced sperm 
passed through them was examined. Each 
of four layers had inducing ability of 
AR in a low level, but the full jelly 
layer caused AR in a high rate. 
Histological observations showed that 
Many sperm were trapped on the sticky 
layer and in the jelly layers. 

Our present and previous results 
demonstrate that the jelly layers ensure 
the precise fertilization by inducing 
the AR and by limiting the passage of 
sperm through them in the newt which is 
physiologically polyspermy. 


JELLY EXTRACTS BIND TO THE ACROSOMAL 
REGIONS IN C¥YWOPS SPERM. 

S. Nishida and K. Onitake. Dept. of Biol., 
Fac. of Sci., Yamagata Univ., Yamagata. 


We have previously shown that the 
acrosome reaction (AR) was induced by AR- 
inducing factors involved in the egg jelly 
and that it was required to be induced in 
the jelly layers for fertilization. 

In the present study, we examined the 
binding portions of the sperm to AR- 
inducing factors using the antibodies 
against jelly extracts (JE). Indirect 
immunofluorescent histochemistry revealed 
that the acrosomal regions of JE-treated 
sperm which did not show the acrosome 
reaction were stained strongly, while 
acrosome reaction induced sperm of which 
the acrosomal cap was disrupted and the 
perforatorium was exposed was. never. 
Moreover, it was found that the JE also 
bound to the sperm tails. 

When sperm were incubated with agarose 
beads coupled with AR-inducing factors, 
they underwent AR on the surface of these 
beads. 

From these results, it is strongly 
suggested that the receptors to AR- 
inducing factors may exist on the surface 
of acrosomal regions in Cynops sperm, and 
that the AR-inducing factors may induce 
the AR without entering into the sperm. 


IMMUNOLOGICAL CHARACTERIZATION OF THE 
VITELLINE ENVELOPE COMPONENTS IN THE 
NEWT, CYNOPS PYRRHOGASTER. (I1) 

T. Suzuki and K. Onitake. Dept. of Biol., 
Fac. of Sci., Yamagata Univ., Yamagata 


We have shown that the completion of 
the vitelline envelope (VE) from coelom- 
ic egg envelope (CE) type to uterine egg 
envelope (UE) type was achieved by the 
conversion and the addition of some 
components passing through the oviduct, 
and that after fertilization SDS-PAGE 
profiles of VE changed into the fertil- 
ization type. In the present study, we 
compared UE with fertilized egg envelope 
(FE) by immunohistochemistry and immuno- 
blotting analysis using the antibodies 
specific to FE and UE. The anti-FE anti- 
body (FE-Ab) reacted with UE and FE,and 
165 KD protein on SDS-PAGE profile of FE 
was precipitated specifically with FE-Ab. 
The innermost and outermost layers of UE 
reacted with anti-UE antibody, while in 
FE the innermost layer did only immuno- 
histochemically. Furthermore, using the 
antibody against UP1 (UP1-Ab) in which 
the vitelline envelope completion is 
done, the same experiments were pursued, 
and it was indicated that the reaction 
of FE against UP1-Ab was less weak than 
that of UE. These results suggest that 
the change of VE components after fer- 
tilization results from the loss of mol- 
ecule added at UP1l and the new appear- 
ance of 165 KD molecule which may be 
derived from fertilized egg cytoplasm. 


EFFECTS OF AN OVIDUCT-SPECIFIC GLYCO- 
PROTEIN ON THE VIABILITY AND MOTILITY 
OF BOVINE SPERMATOZOA. 

H. Abe, Y. Sendai, T. Satoh and H. Hoshi 
Rescarch Institute for the Functional Peptides, 
Minamisanbancho, Yamagata. 


The sccretory components of oviductal fluid, 
synthesized by the oviductal epithelium, are likely 
to have an important in influence on intraluminal 
events. In cows, a 95-kD_ glycoprotein is 
specifically secreted by the oviductal epithelial cells 
at the follicular phase of the estrous cycle. In this 
study, we examined the cffects of this 95-kD 
glycoprotein on the viability and motility of 
spermatozoa. Frozen-thawed bovine spermatozoa 
were incubated with modified Tyrode's solution 
(TLP) that contained the purified glycoprotein 
(TLP-GP), bovine serum albumin (TLP-BSA), cgg 
albumin (TLP-EA), lactalbumin (TLP-LA), or TLP 
alone as a control. The viability and motility of 
spermatozoa were most effectively maintained in 
TLP-GP. Although the viability and motility were 
maintained in TLP-BSA , the effect was weak 
compared with that of TLP-GP. Spermatozoa 
became immediately immotile and died in TLP-EA, 
TLP-LA, and TLP. These results show that the 
oviductal glycoprotein is effective for maintenance 
of viability and motility of bovine spermatozoa in 
culture systems in vitro. 
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SIMULTANEOUS MEASUREMENT OF MEMBRANE 
POTENTIALS OF AN EGG AND A SINGLE FERTILIZING 
SPERMATOZOON IN Pseudocentrotus depressus. 
K.Takemoto!?, K.Hirano3, T.Hayakawa? and H.Kuroda‘. 
‘Dept. Clinical Res., National Chubu Hospital, Ohbu, *Dept. 
Physiol., Scl. Med., Nagoya, >Tsukuba Res. Rab., Hamamatus 
Photonics, Tsukuba, “Dept. Environ. Biol. Chem., Fac. Sci., 
Toyama Univ., Toyama. 


At the onset of fertilization potential (FPon) of sea 
urchins, the fertilizing spermatozoon evokes an increase in 
conductance of egg membrane. One possible explanation of this 
change is that the fusion of sperm membrane with the egg 
membrane increases the conductance. We simultaneously 
measured the membrane potential (Vm) of sperm with a voltage 
sensitive dye, di-8-ANEPPS, and the egg's Vm with a 
conventional microelectrode, and obtained the result supporting 
the hypothesis. To detect the establishment of electrical 
continuity between both gametes, currents pulses were 
repeatedly injected into the egg through this electrode. A 
spermatozoon was held on the tip of glass pipette and was 
interacted with an egg at the opening of the tip. The sperm 
membrane transiently depolarized (AV=69+19mV, n=6) 2~3 
sec before the time of FPon. and attained to -49+27mV (n=6) at 
FPon. This change seemed to be accompanied with its 
acrosomal reaction. The current pulses injected into the egg 
caused no changes in sperm's Vm before FPon, but induced 
synchronous changes after FPon. This means that the electrical 
continuity between both gametes established about that time. 


BINDING OF BACTERIAL TOXINS TO THE ENVELOPES OF 
CHERRY SALMON EGGS AND THEIR BINDING SUBSTANCES 

S. Kudo', and S. Yazawa? 

Depts. of Anat.', and Legal Med.*, Gunma Univ. 
Sch. of Med. Maebashi. 


To clarify the mechanism responsible for the 
protection of the egg itself and the embryo from 
toxins, it was investigated whether the envelopes 
of mature eggs and artificially activated eggs of 
cherry salmon have the ability to bind cholera 
enterotoxin B (CET) and staphylococcal enterotoxin 
B (SET). Purified vitelline (VE) or fertilization 
envelopes (FE) were incubated for 1-2 h CET-horse- 
radish peroxidase conjugate or SET diluted in 0.02 
M PBS (pH 7.3) with gentle agitation at room tempe 
rature, followed by a thorough washing with PBS. 
After fixation with 4% paraformaldehyde containing 
3% sucrose and washing with PBS, CET and SET 
binding were visualized using the DAB reaction 
and anti-SET antibody, respectively. CET or SET 
binding sites were investigated by light and 
electron microscopy. The VE or FE outermost layer 
was a major binding site of CET or SET. Treatment 
with neuraminidase caused a complete inhibition 
of CET binding and a considerable inhibition of 
SET binding to both the VE and FE outermost layers 
and a little enhancement of the toxin binding to 
the VE inner surface and the wallof zona radiata. 
The presence of exogenous ganglioside GM: in the 
reaction mixture inhibited CET binding to the VE 
and FE outermost layers, but enhanced the binding 
to the inner surface and the wall of zona radiata 
of the VE and FE. Immunoblot analysis for reveal- 
ing CET- or SET-binding substances using an 
extract from the VE or FE demonstrated that the 
great majority of the substances are glycoproteins 


BIOCHEMICAL AND IMMUNOLOGICAL CHARACTERIZA- 
TION OF INOSITOL TRISPHOSPHATE RECEPTOR 
FROM SEA URCHIN EGGS. 

R.Kuroda’, M.Fukuda!, H.Kuroda!, S.Nakade? 
and K.Mikoshiba’. ‘Dept. of Environ. Biol. 
and Chem., Fac. of Sci., Univ. of Toyama, 
Toyama, Minase Res. Inst., Ono Pharmaceuti- 
cal Co. Ltd., Osaka and “Dept. of Mol. 
Neurobiol., Inst. of Med. Sci., Univ. of 
Tokyo, Tokyo 


Transient increase in intracellular 
calcium concentration upon fertilization of 
sea urchin egg is thought to be brought 
about by both IP.-induced Ca” release 
(IICR) and Ca%-induced Ca” release. Pg 
receptor(IP,R) residing in the endoplasmic 
reticulum membranes which might be respon- 
sible for IICR was characterized. Micro- 
somes were fractionated from the unferti- 
lized sea urchin eggs. (*H] IP, binding to 
the detergent-solubilized microsomes gave a 
Kd of 69 nM and Hill plots did a coeffi- 
cient of 2.0, which were larger than those 
of rat cerebella IPR. [*H]IP binding was 
optimal at pH 7.2, which was Par lower than 
the mammal IPR. Cross-reactivity of whole 
eggs, microsomes, and partially purified 
IP,R with three monoclonal antibodies 
(4611, 10A6 and 18A10) and two peptide 
antibodies (Bl and pep9) raised against 
the mouse IP,R was examined by immunoblot- 
ting. Momletcun tar weight of sea urchin IPR 
and similarity in their amino acid se- 
quences were revealed. 


PERTICIPATION OF ADP-RIBOSYLATED PROTEIN IN 
Ca2+-INDUCED EXOCYTOSIS OF CORTICAL GRANULE 
IN SEA URCHIN EGGS. 
Y.Kamata, T.Tojo, A.Fujiwara, S.Furuya and 
I.Yasumasu. Dept. of Biol., Sch. of Educ., 
Waseda Univ., Tokyo. 

Nicotinamide (NA) and 3-aminobenzamide 
(3-ABA), inhibitors of ADP-ribosyltrans- 
ferase, inhibited fertilization envelope 
formation in sea urchin eggs activated by 
sperm or A23187, but did not exert any 
inhibitory effects on an increase in 
cytosolic free CaZt in these activated 
eggs. In isolated egg cortices, in which 
cortical granule breakdown was induced by 
Cast, NAD induced cortical granule 
breakdown in the absence of Ca** at higher 
concentrations than Km(NAD) for endogenous 
ADP-ribosyltransferase reaction. NA and 3- 
ABA brocked NAD-induced cortical granule 
breakdown in egg cortices, though these 
inhibitors did not exert any effects on 
Ca +_dependent cortical granule breakdown. 
In isolated cortices, a protein with the 
molecular weight of 68kDa was ADP- 
ribosylated by endogenous ADP-ribosyltrans- 
ferase, and the modification of this 
protein was inhibited by NA and 3-ABA at 
the concentration ranges similar to those 
for the inhibition of NAD-induced cortical 


granule breakdown. ADP-ribosylation of 
68kDa protein in egg cortices seems to play 
important roles in cortical granule 


exocytosis in sea urchin eggs. 
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Ca?*SIGNALING IS NOT NECESSARY FOR 
FERTILIZATION MEMBRANE FORMATION BY 
MELITTIN IN SEA URCHIN EGGS 

T.Tojo, Y¥.Kamata, A.Fujiwara and I.Yasumasu. 
Dept. of Biol., Sch. of Educ., Waseda Univ., 
Tokyo. 


Melittin induced fertilization membrane 
formation in sea urchin eggs without any 
increase in the intracellular Ca** concentra- 
tion, while A23187-caused fertilization 
membrane formation followed an increase in the 
intracellular Ca** concentration. Tetracaine 
inhibited A23187-induced increase in the 
intracellular Ca** concentration and blocked 
fertilization membrane formation. Fertiliza- 
tion membrane formation by melittin was not 
blocked by tetracaine. Nicotinamide did not 
inhibit A23187-induced increase in the intra- 
cellular Ca** concentration, though it blocked 
fertilization membrane formation induced by 
melittin as well as that induced by A23187. 
Fertilization membrane formation occurred 
following injection of NAD*® into an egg. It is 
likely that the ADP-ribosylation of proteins, 
probably augmented by melittin, supports 
cortical vesicle exocytosis, to cause fertil- 
ization membrane formation. 


INHIBITION OF FERTILIZATION ENVELOPE 
HARDENING AND HYALINE LAYER FORMATION 
BY SCN- AND ClO4a- IN SEA URCHIN EGGS. 

A. Fujiwara and I. Yasumasu. Dept. of 
Biol., School of Education, Waseda Univ., 
Tokyo. 


Fertilization envelope hardening in 
sea urchin eggs induced by sperm or A23187 
was strongly inhibited by Cl0O4-, as well 
as SCN-, at concentrations above 0.05 mM. 
Fertilization envelope produced in S0O42- 
free ASW, in which Cl- was replaced by 
C104- or SCN-, was abnormally expanded one 
and was weak to be easily blocked down by 
mild agitation of egg suspension. In the 
presence of SO42- at above 20 mM, fertili- 
zation envelope formed in ASW containing 
SCN- or ClO4- became somewhat strong as 
compared to that formed in the absence of 
SO42-. Hyaline layer were hardly observed 
in many eggs kept in ASW containing SCN- 
or ClO4- at above 0.2 M. In the presence 
of SO4*-, higher concentrations of SCN- or 
ClO4- than in its absence were necessary 
to block formation of hyaline layer. 
Hydrophobic binding between macromolecules 
is known to be blocked by ClO4- and SCN-, 
chaotropic ions and is fortified by S0O4?2-. 
Probably, blockage of hydrophobic 
interaction between macromolecules by 
these chaotropic ions causes inhibition of 
extracellular structure formation in sea 
urchin eggs. 


EFFECTS OF ML-7, AN INHIBITOR OF MYOSIN 
LIGHT CHAIN KINASE, ON THE FERTILIZATION 
cue LAMPREY (LAMPETRA JAPONICA) 

W. Kobayashi 

Division of Biological Sciences, Graduate school of 
Science, Hokkaido University, Sapporo. 


The role of actin and myosin interaction Suring: 
fertilization of the lamprey eggs was examined by 
using ML—7, an inhibitor of myosin light chain kinase 
(MLCKk). Preincubation of the eggs in ML-7 at 100 
UM for 1 hr inhibited cortical granule (CG) 
exocytosis, contraction of the animal pole, genesis 
of fertilization potential (FP), and incorporation of 
sperm nucleus into the ooplasm. Treatment of 
these 299s with A23187 canceled the inhibition of 
both CG exocytosis and genesis of FP. 

Insemination of the eggs pretreated with ML-7 at 50 
UM for 30 min generated many transient 
depolarizations but induced neither contraction of 
the animal pole nor CG exocytosis. Although the 
depolarizations were followed by FP in a few eggs, 
FP was not observed in most eggs. Transmission 
electron microscopy revealed that, although these 
eggs permitted sperm to fuse with the egg, sperm 
nucleus incorporation into the ooplasm was 
inhibited. Treatment of the eggs that had showed 
many transient depolarizations with A23187 did not 
induce contraction of the animal pole but caused FP 
and CG exocytosis. These results suggest that 
MLCK is involved not only in contraction of the 
animal pole and sperm nuclear incorporation but 
also in the signal transduction and Ca?* increase 
during fertilization in the lamprey eggs. 


BREAKDOWN AND SUBSEQUENT DE NOVO FORMATION 
OF THE NUCLEAR ENVELOPE OF HAMSTER SPERM- 
ATOZOA INCORPORATED INTO IMMATURE OOCYTES, 
MATURE OVA AND PRONUCLEATE EGGS. 

N. Usuil, A. Ogura? and R. Yanagimachi3. 
lpept. of Anat., Teikyo Univ. Sch. of Med., 
2Dept. of Vet. Sci., Natl. Inst. of Health, 
Tokyo and 3Dept. of Anat. & Reprod. Biol., 
Univ. of Hawaii Sch. of Med., Honolulu. 

Breakdown of the sperm intrinsic nuclear 
envelope (NE) and de novo formation of NE 
around hamster sperm nuclei incapable of 
being decondensed in immature oocytes at 
germinal vesicle (GV) stage and fertilized 
eggs at pronuclear (PN) stage (Usui and 
Yanagimachi, '76) were reconfirmed by the 
present study. Furthermore, microsurgical 
injection of demembranated sperm nuclei 
into PN eggs demonstrated de novo formation 
of NE around still condensed sperm nuclei 
within 2-3 hours postinjection. 

Fixation with tannic acid revealed that 
early morphological changes of incorporated 
sperm nuclei differed depending upon stages 
of the oocytes and eggs: In mature ova, 
amorphous materials were released from not- 
as-yet decondensed sperm nuclei, whereas a 
number of electron-dense globular struc- 
tures appeared on the nuclear surface in GV 
oocytes and PN eggs. The results suggested 
that these oocytes and eggs which contain 
neither MPF nor CSF have ooplasmic factors 
to release some materials from condensed 
sperm nuclei prior to chromatin decondensa- 
tion but not all of the factors present in 
Mature ova. 
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RELATIONSHIP BETWEEN DISTRIBUTION OF MPF 
ACTIVITY AND DEGENERATION OF ACCESSORY 
SPERM NUCLEI IN THE NEWT EGGS 
K.Takahara!, Y.Iwao' and M.Yamashita’ . 
‘Biol. Inst., Fac. Sci., Yamaguchi 
University. ‘Div. Biol. Sci, Graduate 
School Sci., Hokkaido University. 


The accessory sperm nuclei, in vegetal 
hemisphere of the physiologically 
polyspermic newt, Cynops pyrrhogaster 
egg, degenerate probably due to the 
exposure to a low level of M phase 
promoting factor (MPF) activity. To 
confirm it, we investigated the amount of 
MPF and behavior of blastula nuclei 
injected into the vegetal hemisphere. The 
animal hemisphere contained about 4 times 
higher MPF activity that the vegetal 
hemisphere. Antibody against mouse cdc2 
kinase (a subunit of MPF) recognized both 
32 kDa and 31 kDa proteins of Cynops eggs 
at M phase, but the 31 kDa protein 
disappeared at interphase. The vegetal 
hemisphere contained lower amount of 31 
kDa protein than the animal hemisphere. 
The blastula nucleus injected into the 
vegetal hemisphere exhibited a great 
delay in its nuclear cycle compared with 
that of the zygote nucleus. These 
results suggest that MPF activity in the 
vegetal hemisphere is low enough to cause 
the delay of a nuclear cycle and the 
degeneration of accessory sperm nuclei. 


DURATION OF THE FIRST MEIOTIC META- 
PHASE IN UNFERTILIZED STARFISH OO- 
CYTES IS LONGER THAN THAT IN FERTI- 
LIZED OOCYTES 


K. Yamamoto. 


Dept. of Biology, Fac. of Gener. Educ., Gifu Univ. Gifu. 
Friday Harbor Labs., Univ. of Washington, WA, USA. 


In several species of starfish, it was reported that the 
meiotic divisions in fertilized oocytes occur precociously 
compared to meiotic divisions in unfertilized oocytes. 
| studied this acceleration of meiosis in detail using 
Pisaster ochraceus oocytes, which are good materials 
for this purpose since their maturation process has long 
duration. The results are summarized as follows: 

1) The extent of the acceleration of the polar body 
formations was completely dependent on the timing 
of insemination (or activation); insemination (or acti- 
vation) at about 110 min. after 1-MeAde application 
accelerated meiosis most. 2) The immunocytochemical 
studies showed that the duration of the first meiotic 
metaphase in unfertilized oocytes was longer than that 
in fertilized (or activated) oocytes; the difference of the 
duration of the metaphase between them was almost 
the same as the difference of the time of polar body 
formations between them. 


ENDOCYTIC BURST IMMEDIATELY 
FOLLOWS THE CORTICAL ALVEOLUS 
EXOCYTOSIS IN FERTILIZATION 
OF Oryzias latipes EGGS 
T. Kageyama! and T. Ilwamatsu2 
Dept. of Biol., Kyoto Pref. Univ. of Med., Kyoto, 


and _@Dept. of Biol., Aichi Univ. of Educ, Aichi. 
We have found that extensive endocytosis 
turned on at fertilization in the egg of 
Oryzias latipes. Beginning with the compl- 
etion of cortical alveolus exocytosis, egg 
surface engages in a limited period of ex- 
tensive membrane uptake through vesicle for- 
mation. Denuded eggs were artificially ac- 
tivated with Ca-ionophore A23187, and the 
internalization of surface membrane was ex- 
amined with Lucifer Yellow-CH in the whole 
mount preparation by fluorescence mi- 
croscopy. We investigated ultrastructures 
of the egg surface as well with horseradish 
peroxidase as the fluid phase marker of en- 
docytosis. Unactivated eggs did not inter- 
nalize the marker. This "burst phase" lasts 
a few min, followed by the quiescent phase. 
Endocytosis resumes as the cleavage begins. 
During the cleavage stage, we observed large 
endosomes at the periphery of blastoderm, 
and minute endosomes on the cleavage furrow. 


SEX AND CALCIUM IN PARAMECIUM. 
N. Haga. Dept. of Biotech. Fac. of Sci. and Tech., 
Ishinomaki Senshu Univ., Ishinomaki. 


Calcium is essential in swimming 
behaviour in Paramecium. When stimulated, 
Paramecium swim backward because of the 
change of beating direction of cilia from 
forward to backward. Ciliary reversal is 
induced by the increase in intracellular 
calcium ion. In sexual behaviour, the cells of 
complementary mating types interact each 
other with ventral cilia and form mating 
clamps. However, the relation between 
swimming and sexual behaviour in terms of 
ionic regulation is still far from clear. 

I found that the manipulation of [Ca++] by 
using Ca/ EGTA buffers either from outside or 
inside inhibited the normal mating behaviour 
and pair formation. INDO-1 indicated that 
Ca++-gradient field was generated at the 
beginning of mating reaction and continued 
until the end of conjugation. These results 
combined with previous observations suggest 
that Ca++ might regulate not only ciliary 
movement but also mating-type specific 
ciliary contact, membrane fusion, and nuclear 
differentiation in conjugation. 
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SELF-FERTILIZATION IN THE BIVALVE, 
Laternula limicola. 

K. Hosokawa U and Y.D.Noda2.1Biol.Lab.Tokyo 
Dent.Coll. “Biol.Inst.Fac.Sci.Ehime Univ. 


Since the bivalve Laternula limicola is 
a hermaphrodite, the ovotestis concur- 
rently mature during the breeding season 

(August and September). After the shells 
were removed, the bodies of mature adult 
specimens were placed in a Petri dish 
filled with 80% sea water containing 0.1M 
acetylcholine. This treatment induced 
spawning of mature spermatozoa and 
meiotic prophase primary oocytes. The 
spermatozoa and the oocytes were collect- 
ed by a pipette and the insemination took 
place in 80 % sea water. The self-fer- 
tilization processes were observed using 
light and electron microscopes. The sperm 
penetration occurred through a ferti- 
lization cone that formed by fusion 
between the inner acrosomal membrane of 
the posterior acrosome and a tip of the 
microvillus passing through the vitelline 
coat. After sperm penetration, the 
eocyte broke down a germinal vesicle, 
extruded the polar bodies at the opposite 
side of a jelly canal in the egg 
investments and began to cleavage. The 
self-fertilized eggs continued to develop 
through the D-shaped veligier larvae 
phase. 


CROSS FERTILIZATION BETWEEN ORYZIAS LATIPES 
AND O. JAVANICUS 

Reiji Hori’ and Violet Phang’. .'Biol. Lab., 
Ogaki Women's College, Ogaki, “Dept. Zool., 


Nation. Univ. Singapore, Singapore 0511 


Cross fertilization was carried out between 
Oryzias latipes and QO. Javanicus to study 
their reproductive relationship. O. latipes 
is living in fresh water in Japan. O. 
javanicus found in brackish water of 
mangrove swamp in Indonesia, Singapore and 
Malaysia. Artificial fertilization was 
performed between the two species. The 
fertilization rate of the cross between the 
female O. latipes and the male O. javanicus 
and the reciprocal cross was nearly 100 per 
cent. The mortality rate was low until the 
blastula stage but gradually increased 
after gastrulation. They could develop 
beyond the optic vesicle stage but could 
not hatch out. All embryos exhibited severe 
abnormalities; the embryos were afflicted 
with curved spine, such as microcephaly, 
growth retardation and edema. The degree of 
retina pigmentation was varied; a few were 
completely pigmented but many were patchy 
and uneven or very diffused. According to 
Iwamatsu et al.(1986), the hybrids between 
QO. javanicus and O. melanostigma found in 
India developed further and could hatch 
out. The species-relationship between 
Javanese and Indian fish seems to be closer 
than that between Japanese and Javanese 
fish. This concept seems to be consistent 
with the results of a karyological analysis 
(Uwa and Iwata 1981 and Uwa et al. 1983). 


HISTOLOGICAL STUDY ON BLASTULATION AND 
GASTRULATION IN HYDRA 

T. Oda 

Dept. of Biol., Fac. of General Edu., 
Yamagata Univ., Yamagata. 


Continued cleavage in hydra resulted in a single 
layered blastula with large central blastocoelic 
cavity. The formation of the blastocoel could he 
traced back to the third cleavage stage at which 
cleavage furrow started at the center of embryo 
and progressed equatrially. In further divisions, 
each cleavage furrow was initiated at the center 
of embryo and progressed radially. The formation 
of the blastocoel may be attributed to the differ- 
ential adhesiveness of the blastomeres to one 
another. In the radial cleavage after the third 
cleavage, the outer region of embryo may attached 
to each other stronger than the inner region. 

At the onset of gastrulation, some of the single 
layered cells of blastula migrated inward from 
their various regions. This is refered to as the 
multipolar ingrowth. Histological study showed the 
ingression of the presumptive endodermal cells 
The ingression of the endodermal cells may come 
about through changes in their adhesion to other 
cells and to the extracellular matrices. In ad- 
dition, the autonomous movements of endodermal 
cells may participate in the ingression. This idea 
may be supported by the following observation 
Time-lapse VIR showed that fragments of embryos at 
the blastula stage dissociated some single cells 
and their cells moved freely. 


CHANGES IN CELL SHAPE DURING 
FORMATION OF THE GERM DISK IN 
THERIDIID SPIDER EMBRYOS 


H. Suzuki and A. Kondo, Department of Biology, Faculty 
of Science, Toho University, Funabashi. 


In the embryos of theridiid spiders, most blastoderm cells 
converge to one hemisphere of the egg to form the germ disk 
while few cells remain in the other hemisphere. We examined 
the formation of the germ disk in the theridiid spider 
Enoplognatha transversifoveata. 

The cytoplasmic regions of blastoderm cells were flat 
and the regions of many large yolk granules protruded into 
the blastocoel. The embryo at the germ-disk stage contained 
many spherical germ-disk cells and a few flat cells. Microtubules 
were observed along the cell membrane in the peripheral region 
of germ-disk ccll. After microinjection of colchicine (10°* M) 
into the blastoderm, large cells with flattened cytoplasmic 
regions formed the germ disk. By contrast, the injection of 
cytochalasin B (50 ug/ml) resulted in large, spherical, syncytial 
germ-disk cells. Microtubules, which begin to appear along 
the cell surfaces during the convergence stage, may induce the 
germ-disk cells to adopt a spherical shape. The remaining cells 
may be unable to form spheres to cover the egg surface that 
does not include the germ disk. 
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CLONING OF CELL ADHESION MOLECULES IN 
HYDRA 

°M. Hattal, M. Murate2, T. Sugiyama! 

INatl. Inst. Genet., Shizuoka, 2Grad. Univ. Lifesci. 
Genet., Shizuoka 


Hydra has a simple body plan and a strong 
regenerative capacity, and provides a good model 
system for investigation of morphogenesis. We 
have used PCR to isolate Hydra homologous genes 
encoding cell adhesion molecules and their 
associated proteins which play important roles in 
vertebrate and insect morphogenesis. PCR 
fragments have been obtained which show 
apparent homologies to vertebrate cadherin, 
integrin B chain and B-catenin. We continue PCR to 
isolate other types of cell adhesion and adhesion- 
related molecules. The isolated PCR fragments will 
be used as probes for cDNA cloning. 


CLONING OF PLANARIAN HEAT SHOCK PROTEIN 
cDNA. 
T.Sahekil, T,Suzuki!, H.Hamanal, 
H.Tsukagoshj 
-Shinozawa. 
Dept. of Biol. and Chem. Engineering, 
ac. of Engineering, Gunma Univ., Gunma, 
The Tokyo Metropolitan Institute of 
Medical Science, Tokyo. 


S.Matsumoto”, I.Yahara@, 


Planarian is known for their high 
ability of regeneration. However, the 
information on the molecular mechanism of 
regeneration is poor. 

Planarian cells will respond to stress 
such as the decapitation by making a 
distinct set of proteins known as the 
stress-related or heat shock proteins. 

To determine whether heat shock proteins 
were induced by the decapitation or by 
the heat shock treatment, the reverse 
transcription-polymerase chain reaction 
(RT-PCR) was performed. The degenerate 
oligonucleotides, whose sequences were 
derived from the highly conserved regions 
among heat shock proteins were used as 
primers to generate a PCR product. PCR 
products for the Hsp90 were subcloned and 
sequenced. Deduced amino acid sequence 
showed more than 80% similarity to that 
of human, chick, yeast, and rat. Using 
this PCR product as a hybridization 
probe, cDNA library was screened. 


CLONING AND CHARACTERIZATION OF A GENE EN- 
CODING BETA-SUBUNIT OF PROLYL 4-HYDROXYLASE 
H.ORII, A.YAMADA, Y.UMESONO,K.AGATA & K.WATA 
NABE. Fac.Life Sci.,Himeji Inst. Tech.; Fac 
Sci.,Hirosaki Univ.; Fac.Sci., Kobe Univ. 

Planarian Dugesia japonica is well-known 
by their regeneration potentiality. In the 
regeneration process, extracellular matrix 
has key roles in cell growth, movement and 
differentiation. 

Using anti-60kDa antiserum, we have 
screened a cDNA library of Dugesia japonica 
and i§olated a cDNA encoding beta-subunit 
of prolyl 4-hydroxylase. This enzyme cataly- 
zes the formation of 4-hydroxyproline in 
collagens, typical extracellular matrix 
molecules. The hydroxylation is essential 
for the folding of the newly synthesized 
procollagen peptide chain. The sequence 
analysis of genomic and complementary DNAs 
has revealed that the gene has high similar- 
ity to those of vertebrates and that it has 
only two introns. The gene is expressed 
strongly in the pharynx of the worm. 

The evolution and function of the gene 
are discussed. 


SIMILARITY BETWEEN EPIDERMAL AND PARENCHY- 
MAL RHABDITES IN THE PLANARIAN DUGESIA 
I.Horit, K.A ata“, K.Watanabe and 
Y.Umezono”. ~Dept.of Biol. ,Kanazawa Med. 
Univ. ,“Lab.of Regeneration Biol. ,Himeji 
Inst .of Technol. , 3Dept .of Biol. ,Kobe Univ. 
Various types of secretory granules are 
seen in the planarian tissues. Each type of 
granules is produced by different gland 
cells. However rhabdites, a most prominent 
rod-shaped granules, are known as a product 
of both epidermal and parenchymal rhabdite- 
forming cells though their structure, chem- 
ical properties and synthetic process are 
still less understood. Classification of 
their subgroups is also conflicting. On the 
other hand, it is believed that rhabdite— 
forming cells from the regeneration blast— 
ema contribute to cellular succession of 
the epidermis. This means structural and 
qualitative similarity between epidermal 
and parenchyma—derived rhabdites. In order 
to examine this concept, we observed the 
planarian cells using immunoelectron micro— 
scopy. Both epidermal and rhabdite-—forming 
cells contained mature rhabdites which 
showed positive reaction for the same anti- 
body. Another type of rhabdites was nega-— 
tive. This indicates that both cell types 
produce, at least, two different rhabdites. 
There is no cytological distinction between 
the epidermal and rhabdite-forming cells in 
respect to intracellular production of such 
rhabdites. Possible role of the rhabdite— 
forming cells in the epidermal regeneration 
is discussed. 
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ANALYSIS OF REGENERATION CAPACITY USING THE 
CULTURED LIMB BUD AND BLASTEMA CELLS OF 
XENOPUS LEAVIS. 

K.Takamatsu , K.Koshiba and H.Ide. 
Biological Inst., Tohoku Univ., Sendai. 


In the frog, the capacity to regenerate 
a limb decreases during the course of its 
development. Although the cause of this 
decrease is still unknown, the changes in 
limb bud mesoderm and ectoderm character, 
and hormonal changes during the course of 
development can be thought as possible 
causes. 

To examine the possibility of the change 
of the mesoderm character, we tried to 
establish the limb bud and blastema cell 
culture system of Xenopus leavis. When 
cultured in 7OZMEM containing 10ZFCS, limb 
bud cells at St.51, St.53, St.55 prolifera- 
ted and differentiated to cartilage cells. 
The chondrogenic activity decreased accord- 
ing to the limb development. In the limb 
buds at same stage, the chondrogenic 
activity of the proximal celis is lower 
than that of distal cells. These results 
suggest that the chondrogenic activity of 
the limb bud cells may correspond to the 
regeneration capacity. On the blastema 
Sauls Fem SESS SieoS5 SiseS7 alata Innele, 
weak chondrogenic activity was observed. 
Further we examined the effect of FGF, 
which was known to be effective on blaste- 
ma formation in urodeles. In our culture 
system, bFGF stimulated the proliferation 
of St.51 limb bud cells. 


EXPRESSION OF THE HOMEOBOX GENE, MSX, 
IN LIMB BLASTEMA DURING REGENERATION 
OF AXOLOTL 

K.Koshiba', T.Toyota’, A.Kuroiwa?, 
H.Yamamoto', and H.Ide’. ‘Biol.Inst., 
Tohoku Univ., Sendai, and *Dept.Mol.Biol., 
Nagoya Univ., Nagoya 


In urodeles the ability of limb 
regeneration remains even in the adult. 
Blastema formation is one of the most 
important event in the process of the 
limb regeneration. But there are few 
Studies about the molecules which have 
any functions on blastema formation. 


Msx genes, msh-like homeobox genes, 
expresses in the distal marginal zone 
of chick and mouse limb buds. We 


isolated axolotl msx gene (Amsx) by 
using PCR from cDNA of blastema at 
medium bud stage and decided its 3' 
sequence containing homeobox region. 
Amsx was highly homologous to Quox7 
which was Msxl gene of quail. Northern 
analysis detected 3kb transcript in the 
blastema at medium bud stage, but only 
slight signal of the Amsx transcript 
could be detected in non-amputated limb. 
These results suggest that the 
expression of Amsx gene have some 
founctions on early phase of limb 
regeneration. 


FETAL WOUND HEALING. WOUND-SITE-SPECIFIC 
EXPRESSION OF K6-KERATIN AND TENASCIN 
mRNAs IN RAT SKIN. 

S. Ihara and Y. Motobayashi?. Dev, Biol. 
Lab., Dept. of Plast. Surg., and Dept. of 
Biochem., Kitasato Univ. Sch. of Medicine, 
Sagamihara. 


By using in situ hybridization techniques, 
we have aimed at determining the protein 
which wounded fetal skin produces 
specifically at an initial stage of wound 
healing. Open wounds (1 mm in diameter) 
were made in the dorsal skin of day-16 
fetal rats (Sprague-Dawley). Expression of 
K-6 keratin and tenascin mRNAs, both of 
which were rarely expressed in normal 
fetal skin during the period from day 16 
to the birth, was found to be dramatically 
induced within 24 hours after wounding. 
K6-keratin mRNA was present only at the 
thickened epidermis close to the wound 
edge. The localization of tenascin mRNA 
was restricted to the mesenchyme beneath 
the open-wound surface. During the 
subsequent 24 h, the signals of K6-keratin 
were intensified, whereas those of 
tenascin dissipated. Wounding did not 
result in any significant stimulation of 
transcription of the other proteins tested 
(K1- and K5-keratins; type I and type III 
collagens; and fibronectin). These results 
suggest that k6-keratin and tenascin are 
key substances in the wound healing 
process in fetal skin, as reported in 
adult wound healing. 


EXPRESSION OF TENASCIN mRNA IN SKIN OF 
FETAL RAT IS MODULATED BY EPITHELIAL- 
MESENCYMAL INTERACTION. 

Y. Motobayashi_and S. Iharal. Dept. of 
Biochem., and “Dev. Biol. Lab., Dept. of 
Plast. Surg., Kitasato Univ. Sch. of 
Medicine, Sagamihara. 


Tenascin is a key substance in organo- 
genesis involving epithelial-mesenchyme 
interaction. We used an explant culture 
system to investigate an issue of how ex- 
pression of tenascin mRNA in skin of day- 
16 fetal rats (Sprague-Dawley) is influ- 
enced by epithelial-mesenchymal interac- 
tions. Two RNA probes, termed Tn 16-59 
common to the tenascin splice variants and 
Fn 104-7 to the fibronectin, were used for 
RNase protection assay. Explants, (a) 
skin, (b) isolated epithelium, (c) iso- 
lated mesenchyme, and (d) recombinant of 
epithelium and mesenchyme, from dorsal 
skin of day-16 fetal rats were cultivated 
in DMEM with 10% FCS. After 24 hours, 
total RNA was extracted from each explant. 
When unseparated skin explants (a and d) 
were cultivated, both levels of mRNAs of 
tenascin and fibronectin were approximate- 
ly half of the uncultivated control 
levels. The control level of tenascin 
mRNA, but not fibronectin, was maintained 
by cultivation of the isolated epithelium 
or mesenchyme (b or c). These results 
suggest that expression of tenascin mRNA 
in fetal skin is modulated by some 
epithelial-mesenchymal interactions. 
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LINKAGE ANALYSIS OF THE MEDAKA USING 
ARBITRARILY PRIMED PCR (AP-PCR) 

H. Wada, K. Naruse and A. Shima, 
Zoological Institute, School of Science, 

5 ‘ £ Tol To} 

AP-PCR (Arbitrarily primed PCR) is an 
adaptation of the PCR to amplify multiple 
random segments of genomic DNA. Amplified 
DNA fragments can be used as_ genetic 
markers to construct genetic maps without 
knowledge of molecular aspects of 
organisms. 

We have detected 26 AP-PCR markers of 
the Medaka (Oryzias latipes) by using 4 
arbitrary primers, and analyzed linkage 
relationships of these 26. loci including 
one visible mutant locus, b, by 
backcrossing a (HNI X Hd-rR)F, male to a 
Hd-rR female. Examination of 50 backcross 
progeny revealed that the segregations of 
all loci were in agreement with the 
Mendelian expectation ratio. Several 
pairs of loci showed excess of 
heterozygosity. This is considered to be 
derived from the difference in viability 
of embryos or gamates hetween the two 
strains. From these results, we have 
established 7 linkage groups including 7 
closely linked loci (distances are within 
6 cM) and constructed a genetic map. The 
visible mutant locus, b was not included 
in these linkage groups. 


INTRASPECIFIC SEQUENCE DIVERSITY OF MITOCHONDRIAL 
DNA OF THE MEDAKA ORYZIAS LATIPES . 

M.Matsuda!, K.Naruse?, H.Yonekawa?, and M.Sakaizumi‘, 
'Dept. of Aquatic Biosci., Tokyo Univ. of Fisheries, Tokyo, 
2Zool. Inst., Fac. Sci., Univ. of Tokyo, Tokyo, 3The Tokyo 
Metropol. Inst. Med. Sci., Tokyo and ‘Dept. of Biol., Col. of 
Gen. Ed., Niigata Univ., Niigata. 

A survey of allozymic variation of Japanese wild 
medaka, Oryzias latipes, has revealed that two 
genetically distinct populations exist, the Northern 
population and the Southern population. Through RFLP 
analysis of the mtDNA, we found that mtDNA haplotypes 
could be divided into two major groups, which coincided 
with these populations. 

By DNA _ sequencing we here confirmed the 
interpopulational diversity obtained from RFLP 
analysis(10-11%), because the RFLP diversity was 
sometimes underestimated when it was very large. 
MtDNA was isolated from two wild stocks, Maizuru 
(Northern population) and Himeji (Southern 
population). We constructed genomic libraries of total 
mtDNA, cloned and then sequenced the 12srRNA 
(585bp), the Cyt-b (1140bp) and the D-loop region of 
each mtDNA. 

Sequence divergence was 4.1% in the 12srRNA 
region, 10.5%(DNA), 2.6%(amino acid) in the Cyt-b 
region. The D-loop region contained repetitive 
sequences and their length differed between these two 
mtDNAs. In addition, there were two kind of distinct 
sequence blocks in the D-loop region: highly conserved 
vs hypervariable. 

Such high sequence divergence between the 
Northern and the Southern population, suggests that it 
takes much longer time to separate these populations, 
even though they still remain reproductively not 
isolated, than other animal subspecies. 


SEX-LINKED DNA SEQUENCES OF THE MEDAKA. 
T. Kusama*, M. Matsuda*, T. Oshirot, Y. 
Kurihara* and M. Sakaizumi®. Dept. of 
Aquatic Biosci., Tokyo Univ. of Fish., 
Tokyo, *Fac. of Engin., Yokohama Natl. 
Univ., Yokohama and *Dept of Biol., Col. 
of Gen. Ed., Niigata Univ., Niigata. 

In order to obtain sex-linked DNA 
markers of Oryzias latipes, we screened 
polymorphic random genomic clones from an 
inbred strain, HO5, through the linkage 
between their RFLPs and sexes of individ- 
uals from a congenic strain, Hd-rR.Y"™N%t, 
which has been newly established. This 
strain bears a male-determining chromoso- 
mal region and a dominant allele at the 
sex-linked, body-color gene locus (r) de- 
rived from an inbred strain(HNI) on back- 
ground of another inbred strain, Hd-rR. 

We isolated two independent clones, 
HOS-5 and -110, closely linked to the r 
locus, which was confirmed by backcross- 
ing between Hd-rR and HNI. HO5-5 was a 
single-copy sequence with 1.7kb conserved 
in all species of Oryzias, This clone 
allows us to discriminate molecular-bio- 
logically the sexes by Southern blot and 
PCR. The other clone, H05-110 was a re- 
petitive sequence with 498bp, containing 
an tRNA*?" segment. This repetitive 
sequence was conserved only in the 
species of the biarmed chromosome group. 


GEOGRAPHIC VARIABILITY OF SEX-LINKED LOCI 
IN JAPANESE BROWN FROG, RANA JAPONICA. 


M. Sumida and M. Nishioka. Lab. for 
Amphibian Biol., Fac. of Sci., Hiroshima 
Univ., Higashihiroshima. 


Rana japonica is reported to be of the 
male heterogametic type in sex-determining 
mechanism (Kawamura and Nishioka, 1977). In 
order to detect the sex-linked loci in R. 
japonica, the linkage relationships between 
the sex-determining gene and 11 loci 
controlling eight enzymes and one blood 
protein were examined in 48 crosses 
involving 30 males heterozygous at these 
loci from 10 local populations by using 


starch-gel electrophoresis. It was found 
that the Ab locus was linked with the sex- 
determining gene in the Munakata, 


Yamaguchi, Oda, Yoshiwa, Saijo, Sahara and 
Mohara populations, while the MDH-B, MPI, 
Pep-A and Pep-C loci were not linked with 
the latter in 23 crosses involving 16 
heterozygous males from the seven 
populations. The MPI locus was linked with 
the sex-determining gene in the Ichinoseki 
and Toyama populations, while the Ab locus 
was not linked with the latter in 11 
crosses involving eight heterozygous males 
from two populations. In the Akita 
population, none of the Ab, AAT-B, ADA, 
&-GDH, LDH-B, ME-A, ME-B and MPI loci was 
linked with the sex-determining gene in 14 
crosses involving six heterozygous males. 
Thus, it was evident that the locus linked 
with the sex-determining gene differs with 
the populations. 


CLONING AND SEQUENCING OF ASCIDIAN TYROSI- 
NASE GENE 


H. Masuya’, H. Yamamoto“, S. Sato, H. 
Miura M. Tanaka“ and T. Takeuchi“, 
iNatl. Inst. Genet., Mishima, 


Biological Inst., Facl. of Sci. Tohoku 


Univ., Sendai. 


Tyrosinase is the key enzyme for 
melanin biosynthesis. In vertebrate, 
tyrosinase gene is expressed cell-type- 
specifically. In order to elucidate 
structure, function and evolution of this 
gene, we have cloned mammalian(mouse and 
human), avian (chicken and Japanese 
quail), amphibian (Japanese pond frog), 
reptile (snapping turtle) tyrosinase cDNA 
and/or genomic genes. Here we report 
the cloning and sequencing of ascidian 
(Halocynthia roretzi) tyrosinase genomic 
gene. 

An ascidian genomic library was 
screened with mouse tyrosinase cDNA, Tyrs- 
J. A part of its sequence was reported 
at the last meeting held at Sendai. 
Our recent results strongly suggest that 
the ascidian tyrosinase gene encodes a 
polypeptide composed of over 500 amino 
acid residues. Investigations on the 
putative copper-—binding sites have shown 
that two regions are highly conserved 
especially at their His clusters in mouse, 
human, chicken, frog, Neurospora and 
Streptomyces. 


HOMEOBOX-CONTAINING GENES IN THE FRESH WATER 
SPONGE. 


M.Seimiyai-2,Y.Watanabe!,M.Naito?,and Y.Kurosawa?. 


*Dep.of Biol. Fac. of Sci., Ochanomizu Univ., 
Tokyo, *Inst. for Comp. Med.Sci., Fujita Helth 
Univ., Aichi 


Last year, we reported identification of two 


homeobox-containing genes, proxi and prox2, in the 


most primitive metazoa, sponge, by the PCR method. 


The amino acid sequence of the homeodomains of 
proxl and prox2 showed the highest degree of 
identity in terms of amino acid residues to those 


cf Drosophila NK3 and Om(1D), 72% and 62%, 


respectively. In the present study, we adopted 


another strategy, using degenerate 


origonucleotides that corresponded to helix 3 of 


homeodomain, and identified one more homeobox 
gene, prox3. This homeodomain is most closely 
related to Drosophila msh (73%). Based on our 


results and others, we are going to discuss how 
the homeobox genes were diverged and when each 
in 


class of homeobox genes were established 


evolution of animal kingdom. 


Genetics 


79 


RELATION OF THE CNR MUTANT DISCOVERED IN 
A NATURAL STOCK OF PARAMECIUM CAUDATUM 

TO OTHER CNRS. TT Cane | el an 

K. Hiwatashil, N. Haga! and I. I. Skoblo2. 
Dept. of Biotech., Senshu Univ. of Ishi- 
nomaki, Ishinomaki and 2Inst. Biol., Univ. 
of St. Petersburg, St. Petersburg. 


As reprted previously (Hiwatashi & 
Skoblo, 1991), a CNR mutant was discover- 
ed in a natural stock of Paramecium caud- 
atum collected in Vladivostok, Russia. In 
this study, genetic relation of this CNR 
to other 4 CNRs was determined by cytopl- 
asmic injection and cross breeding using 
intersyngenic functional heterokaryon. 
Injection of cytoplasm from wild type, 
cnrA, cnrB and cnrD rescued the naturally 
occuring CNR but cyoplasm of cnrC did not. 
Cytoplasmic injection of this mutant into 
cells of cnrC also did not rescue cnrC. 
During the course of cytoplasmic injection, 
some recipient received fragments of the 
donor macronucleus and changed to a per- 
Manent donor mating type. This transform- 
ant in which macronucleus is syngen 3 and 
micronucleus is syngen 1 was crossed to 
enrC of syngen 3. Progeny of this cross 
were all CNR. These results showed that 
the naturally occurring CNR mutant belongs 
to cnrc. 


ALLELIC DIMORPHISM OF MEROZOITE SURFACE 
PROTEIN 1 OF PLASMODIUM FALCIPARUM, THE 

HUMAN MALARIA PARASITE. 

So Jongwutjwes » H. Kanbara’ and K. 

Tanabe“. Div, of Protozool., Inst. of 
rop. Med., Nagasaki Univ., Nagasaki and 
Lab. of Biol., Osaka Inst. of Technol., 

Osaka. 


The 200 kD precursor to the major 
merozoite surface proteins (MSP1) of P. 
falciparum is the potential candidate for 
a malaria vaccine. However, antigen 
diversity displayed by MSP1 may be an 
obstacle for designing effective vaccine. 
Our previous Southern blot hybridization 
and sequence studies have demonstrated 
that MSP1l gene consists of several con- 
served blocks flanked by variable and 
semiconserved blocks and that variation in 
MSP1 alleles among parasite isolate is 
dimorphic, i.e. substitution is either one 
or the other of any two residues, but not 
polymorphic. However, it has recently 
been reported that the 5' portion of the 
MSP1 gene of some strains contain polymor- 
phic variation. Present study examines 
sequence variation in the PCR-amplified 5' 
1 kb region of the MSP1 gene of Thai wild 
isolates and reports that variation in the 
region examined is dimorphic except one 
variable block which represents three al- 
lelic forms and that a recombination be- 
tween two allelic forms in a variable 
block increases the number of MSP1 al- 


leles. 
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THE EFFECTS OF DIFFERENT PROMOTERS ON 
MOUSE TYROSINASE GENE EXPRESSION IN 
CULTURED CHICKEN CELLS. 

Toyoko Akiyama Beth Whitaker, Mark Federspiel®, 
Stephen Hughes’, Hipoaki Yamamoto’, Takuji Takeuchi 
and John Brumbaygh Dept. Biology, Keio Univer- 
sity, Yokohama; “Biological, Sciences, University of 
Nebraska, Lincoln, NE. USA; °Frederick Cancer Re- 
search Facility, Frederick, MD, USA; *Biological 
Institute, Tohoku University, Sendai, 

Mouse tyrosinase cDNA combined with different 
promoters was inserted into several replication com- 
petent avian leukosis proviral plasmids and trans- 
ferred into cultured chick albino cells by viral 
infection. The viruses had one of 4 promoter se- 
quences: the resident constitutive promoter, (Rous 
Sarcoma Virus Long Terminal Repeat; RSV-LTR), 471 bp 
of the mouse tyrosinase gene promoter or 519 bp of 
the Japanese quail tyrosinase gene promoter or 369bp 
of the quail promoter. The latter 3 viruses also had 
the polymerase gene region from the Bryan high-titer 
strain of RSV. The infected cells showed tyrosinase 
expression by producing pigment and labeling with an 
anti-mouse tyrosinase antibody. When infected with 
the same viral titer, gene expression was greatest 
with the constitutive promoter followed by the quail 
promoter. The mouse and quail promoters appeared 
tissue specific since fibroblasts and hepatocytes 
did not express mouse tyrosinase unlike the fibro- 
blasts and hepatocytes infected with the construct 
carrying. the constitutive promoter or the truncated 
quail promoter. All the promoters could cause the 
expression of mouse tyrosinase. The tissue specific 
promoters should become useful for in vivo studies 
because of reduced toxicity. Toxicity is associated 
with constitutive expression in non-melanocytes. 


SPECIES-SPECIFIC DIFFERENCE IN SPERM CHROMO- 
SOME RADIOSENSITIVITY AND OOCYTE DNA REPAIR 
CAPACITY BETWEEN THE GOLDEN AND CHINESE 
HAMSTERS 

H. Tateno, Y. Kamiguchi and K. Mikamo, Dept. of 
Biol. Sci., Asahikawa Med. Col., Asahikawa 


Effects of X-rays on sperm chromosomes were 
compared between the golden (GH) and the 
Chinese hamsters (CH). Mature males were 
irradiated with 0.45 to 3.63 Gy X-rays and they 
were mated with normal females within 5 days 
after the exposure. Sperm-derived chromosomes 
were analyzed in 1,383 and 594 male pronuclei in 
GH and CH, respectively. 

Incidence(Y) of spermatozoa with X-ray-induced 
structural chromosome aberrations increased 
linearly with dosage(D) in both species. The 
dose-response relationship was represented by 
the linear equations, Y=2.13+24.43D in GH and 
Y=0.11+14.11D in CH. In GH, incidences of 
breakage-type aberrations at 3 different doses 
(86-89%) were far higher than those of exchange- 
type aberrations (11-14%), while both types of 
aberrations occurred at similar rates in CH. 
Exchange-type aberrations consisted of both 
chromosome-type and chromatid-type in GH, while 
they were all chromosome-type in CH. 

These results indicate that the sperm 
chromosome radiosensitivity is far higher in GH 
than in CH and that the DNA repair capacity of 
oocytes is higher in CH than in GH. It seems 
that X-ray-induced sperm DNA damages are 
repaired with both excision and postreplication 
repair systems in GH oocytes, whereas only the 
excision repair system functions in CH oocytes 


STRUCTURE AND EXPRESSION OF MUSCLE ACTIN 
GENES IN THE TWO CLOSELY-RELATED ASCIDIANS, 
MOLGULA OCULATA AND MOLGULA OCCULTA. 
T. Kusakabel, B. J. Swalla’, W. R. Jeffery” and N. Satoh! . 
Dept. of Zool., Fac. of Sci., Kyoto Univ., Kyoto. Bodega 
Marine Lab., Univ. of California, Davis, Bodega Bay, USA. 
Molgula oculata and Molgula occulta adults exist in the 
same sand flats near Roscoff, France and are morphologically 
similar to each other. In contrast to the similarity in adults, these 
closely-related species have evolved radically different modes of 
development. M. oculata is an ordinary urodele species whose 
embryo develops into a swimming tadpole larva, while M. 
occulta exhibits anural indirect development, and they do not 
differentiate larval muscle cells. Comparisons of nucleotide 
sequences and promoter function of muscle actin genes between 
M. oculata and M. occulta would provide us information on 
muscle-specific gene expression as well as the evolution of both 
species. Two different muscle actin genes, OcuMA1 and 
OcuMA2, were isolated from an M. oculata genomic library. 
The OcuMAT has no intron and encodes a muscle actin which 
resemble Halocynthia larval muscle actins. On the other hand, 
the OcuMA2 has four introns at the same positions as those of 
mammalian a -actin genes and its predicted amino acid sequence 
is similar to those of actin cDNAs isolated from adult mantle of 
other ascidians. Several muscle actin clones were also isolated 
from an M. occulta genomic library. Detailed structure and 
expression patterns of OcuMA1 and OcuMA2 were analyzed. 


GENETIC VARIATION OF PROPHENOLOXIDASE IN 
DROSOPHILA. I. ELECTROPHORETIC VARIANT AND 
MAPPING OF THE GENE FOR A,. N. Asada, 
T.Fukumitsu, K.Fujimoto, M. Tanaka and 
E.Ohnishi. Biol. Lab., Fac. of Sci., 
Okayama University of Science, Okayama 


Electrophoretic variants of prophenol- 
oxidase A, were firstly obtained from 
natural populations of D. melanogaster. 
Ay, one of the 2 isoforms of the 
prophenoloxidases, is polymorphic: 10 fast- 
migrating and 2 slow-migrating types were 
found in 5 2 native polyacrylamide gel 
electrophoresis among 271 wild strains from 
74 different places including Japan, Asia, 
the South Pacific and Africa, together with 
4. laboratory stocks. The majority were 
the intermediate-migrating type showing the 
same mobility on the gel as Oregon-R 


strain. By use of these variants, A gene 
was mapped at 79.6 on the right arm o the 
second chromosome (2R). By deletion 
mapping, its cytological position was 


located at 55A-B region of 2R. We propose 
to use the symbol 'Mox', originated from 
the term 'Monophenoloxidase', to designate 
the gene for A,, since the active form of 
A, has monophenoloxidase activity. 

In the electropherograms, hybrids 
between the types differing in mobility 
exhibited three bands, indicating that A, 
is a dimeric protein. The gene for A, is 
expressed through larval, prepupal, pupal 
and adult stages. 


GENETIC VARIATIONS OF PROPHENOLOXIDASE IN 
DROSOPHILA. II. A variant of Drosophila 
melanogaster producing thermolabile 
prophenoloxidase A 


M. Tanaka, N. lecde. T. Fukumitsu, 
K. Fujimoto and E. Ohnishi. 

Biol. Lab., Fac. of S.ChE rans: 
Okayama University of Science, Okayama. 
There are two isoformes of 
prophenoloxidase(proP0O), A;,_and A3 in 
Drosophila melanogaster. Phox® has been 
HSotated as a slow migrating 


electrophoretic variant of PHOX, which was 
claimed to be the proPO different from A. 
However, we have identified it as a 
variant of A, by genetical and biochemical 
analysis. The A, of Phox® is labile to 
high temperature and to freezing and 


thawing. Viability at high temperature 
of this strain is lower than that of 
Oregon-R. 


VARIATION OF EMIGRATION BEHAVIOR IN THE 
SEXES OF DROSOPHILA MELANOGASTER IN A 
NATURAL POPULATION. 

K. Mikasa. Dept. of Biol., Sch. of Dent., Meikai Univ., 
Saitama. 

The sexual difference in emigration response be- 
haviour of D. melanogaster in a natural population was 
investigated with the Sakai's population system. The 
parental flies of 34 isofemale lines in the Himeji population 
were reared at 25°C. The sex ratios of experimental 
populations were as follows; 1-7:0%, 0.9:0.1, 0.7:0.3, 0.5: 
0.5, 0.3: 0.7, 6.1:0.9, and0:1. The densities of these 
populations were 20 and 50 flies. The emigration activi- 
ties were measured in the light room at 25°C. Five repli- 
cations were conducted in each line in each sex ratio in 
the two densities. The three main factors (lines, densities, 
and sex ratios) of the four factors were statistically highly 
significant, but no significance was detected in the sexes. 
The interactions of line x sex, line x densityxsex, density x 
sex—ratio x sex had a large effect for emigration response 
behaviour. In the density of 50 flies, the presence of 
females reduced the emigration activities of males and the 
emigration activities of males suddenly increased when 
females were absent. The emigration activities of females 
increased with increasing the ratio of female flies. In the 
density of 20 flies the emigration activities of each sex did 
not seem to be affected by the sexual composition of the 
population. The ratios of expected genetic variance to the 
total variance in the both sexes varied not only between 
densities, but also among sex ratios. The ratio of expect- 
ed genetic variance to the total variance was the highest 
in the population constituted with the only female flies. 


Genetics 
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INHERITANCE OF WHITE PHENOTYPE IN THE 
ISOPOD, ARMADILLIDIUM VULGARE 
Y. Hasegawa and S. Negishi 
Dept. of Biol., Keio Univ., Yokohama 
In A. vulgare, several color varieties 


has been reported. White phenotype seems 
to be due to one or two autosomal gene(s) 
recessive to its wild allele. On the other 
hand, the red phenotype is expressed by 
the autosomal gene (s) which is half 
dominant to its wild allele. 

White animals with cream body color and 
yellow or pale brown compound eyes were 
crossed with the red, hetero and/or wild 
(black or gray) type animals to examine 
the relationship between the body colors 
and the genotypes. The segregation ratio 
in the progenies showed that the white 
animals were homozygous for their white 
gene(s). In any other case, the body 
colors of the progenies were under the 
control of the red gene(s). These results 
indicate that the white gene(s) 
allelic with the red gene(s) and epistatic 
to it in the biosynthetic pathway of 
ommochrome. These findings are consistent 
with the fine structure of pigment 
granules and the xanthommatin content in 
the white animals previously we reported. 


is non- 


RECESSIVE LETHAL MUTATIONS IN THE 
MEDAKA, ORYZIAS LATIPES: AN EMBRYONIC 
MUTANT PHENOTYPE AS DESIGNATED "HYDROPS” 
Y. Hyodo-Taguchi and Y. Ishikawa. Div. of Biol., 
Natl. Inst. of Radiol. Sci., Chiba 


We recently started an attempt for 
selection of recessive lethal mutants induced 
by radiation in the medaka using the standerd 
three-generation cross. Mature male albino 
medaka(bi-3R) were irradiated with 5 Gy of 
X-rays and mated to non-irradiated female for 
breeding Fi. Fe progeny were produced from 
crossing of F1 to nonirradiated fish of opposite 
sex individually. Visual examination of the F3 
embryos from sib-mating of F2 fish was 
performed during whole period of embryonic 
development using a stereoscopic microscope 
to find embryos with phenotypic change. Two 
of 62 parents examined produced a fraction of 


embryos with characteristic syndrome (25% 
and 30%). These embryos developed normally 
within 30 hours (St.20) after fertilization. 


Edema was observed in head region at 72 hours 
and degradation of embryos was occurred. The 
embryonic mutant phenotype was designated as 
"hydrops". 
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ABORTIVE SKIN GRAFT REJECTION RESULTED IN 
TOLERANCE IN XENOPUS 

F. Kobari and S. Tochinai 

Div. Biol. Sci., Grad. Sch. Sci., Hokkaido Univ., Sapporo 

To analyze the mechanism underlying the 
tolerance induced by grafting semixenogeneic adult skin 
during larval stages, we tried to prevent the induction of 
tolerance in larva and to break the tolerant state in adult 
Xenopus laevis. 

J strain (JJ) tadpoles were grafted simultaneously 
with two adult skin grafts, one (2x2 mm?) from a 
semixenogeneic F, (JB) frog and the other from a fully 
xenogeneic BB frog. By grafting large BB skin (2x4 mm‘?), 
the tolerance induction to JB skin was totally prevented 
and all BB grafts were readily rejected, while the smaller 
BB skin grafts failed to prevent it along with the 
impairment of BB skin graft rejection. 

After grafting of BB skin to adult tolerant JJ, the 
tolerated JB skin showed a sign of rejection like newly 
grafted BB skin during a initial period, but the reaction was 
usually abortive resulting in the survival of both JB and BB 
skin. Additional grafting of a BB skin to these animals did 
not considerably alter the situation. Next, the grafting of 
BB skin was done after removal of the primary JB skin 
grafts. The recipient rejected both BB skin and 
successively grafted JB skin, indicating breakdown of the 
tolerance. 

These results indicate that 1) the adult 
semixenogeneic JB skin is recognized and attacked by 
the JJ host's immune system, but it can induce tolerance 
of B haplotype if it is not destroyed within about 30 days 
especially when it is grafted during larval stages, 2) the 
tolerance thus induced will not be broken easily by re— 
stimulating host's response to B antigens, and 3) the 
persistence of tolerizing antigen is required for maintain- 
ing the tolerant state. 


T-CELLS MAY BE INVOLVED IN INDUCTION AND 
MAINTENANCE OF TOLERANCE IN XENOPUS 
M. Ono and S. Tochinai 
Div.Biol.Sci., Grad.Sch.Sci., Hokkaido Univ., Sapporo 
J-strain (JJ) Xenopus laevis is easily made 
tolerant of semixenogeneic (X. laevis x X. borealis: 
JB) adult skin grafted onto immunologically 
competent larvae at st.53-54. If the larvae are 
thymectomized (late-txd) shortly before skin grafting, 
tolerance will never be induced. This may suggest 
that the suppression of immune response to JB skin 
is mediated by the cells released from the thymus. As 
an attempt to characterize these cells, the spleen and 
JB skin graft were removed from the primary host that 
had been grafted with JB skin a few weeks before. 
Either one of these and new JB skin were grafted 
simultaneously to late-txd st. 53-54 JJ larva (2ndary 
host). Both JB skin and the host spleen were shown 
to possess an activity to induce tolerance. The 
probability of tolerance induction increased 
according to the period between the primary skin 
grafting and tissue removal. In order to examine 
whether splenocyte suspension had capability to 
induce tolerance, tolerant splenocytes were injected 
to fresh JB skin grafted late-txd larvae. Injection of 
1x105 splenocytes resulted in induction of tolerance 
in more than 80% of animals. It strongly suggests 
that the tolerance induction was mediated by splenic 
lymphocytes. Histological observation of JB skin 
graft on primary host showed that there were many 
host derived cells around epidermal basal lamina, and 
at least a part of these cells are T-cells as revealed by 
the immunohistochemical staining with XT-1 mAbs. 
Attempts are being made to induce tolerance by these 
cells to late-txd larvae. 


RECOGNITION OF LARVAL TISSUE AS NON-SELF 
BY ADULT SPLENOCYTES OF INBRED FROGS 
(XENOPUS LAEVIS) IN VITRO 

Y. Izutsu', K. Yoshizato? & S. Tochinai! 

1. Div. Biol. Sci., Grad. Sch. Sci., Hokkaido Univ., 
Sapporo. 2. Div. Biol. Sci., Hiroshima Univ., 
Higashihiroshima. 

We have previously shown that the MHC homozygous 
adult J strain South African clawed frog, Xenopus laevis, 
rejects the larval tissues of the same strain, suggesting 
that there are immunologically defined histocompatibility 
disparities in the skin between larvae and adults (Izutsu & 
Yoshizato (1993) J. Exp. Zool., 266: 163-167). 

To study the mechanisms underlying the recognition and 
rejection of larval tissues by the adult immune system, we 
have established a new in vitro co-culture system and 
examined whether adult lymphocytes could proliferate by 
recognizing the larval tissue in culture condition. Larval 
tissues were excised aseptically from the tail fin of inbred 
J strain tadpoles at stages 56/57 as a square of about 
1.5x1.5 mm? full-thickness tail block, and co-cultured 
with 5x10° leukocytes, that were obtained from J strain 
adult spleen, in 200 pl of the 70% L-15 medium 
supplemented with fetal calf serum. Proliferation of cells 
were monitored by the incorporation of BrdU and the 
immunohistochemical detection by monoclonal anti-BrdU 
antibodies on smeared splenocytes. The number of 
BrdU-positive adult splenocytes cultured with larval 
tissues increased sharply during the first few days, and 
reached to the level of 4 to 5 times higher than 
splenocytes cultured with adult skin on day 3 to 4. 
Attempts are being made to characterize the proliferating 
splenocytes in the present system. 


Amphibian leucocyte surface-antigens and its 
functional analysis in larval kidney tissue culture. 


K.Hatakeyama, H.Sukenori, H.Kasai and K.Sugiyama 
(Hirosaki Univ., Fac. of Sci., Dept., of Biology) 


We analysed the leucocyte surface-antigens of 
bullfrog Rana catesbeiana by the FACS, using mAbs 
(mAb.2A-4 and mAb.1-B10). In this experiment, 
specific FACS patterns were demonstrated, concern 
-ing to neutrophils and thrombocyts in respective. 
When the larval mesonephros of stage 25-30 (hindl 
-imb formation stages) was cultured in vitro with 
85% MEM, 5% CO, at 281, the cultures were maintai 
-ned more than 7 weeks. However, many of detached 
cells were recognized during cultures upper of the 
stroma cells. The detached cells, which coming from 
the cultures, were collected and analysed for antigen 
expression and phagocytosis activity of the yeasts. 
Approximate 70 % of them were identified as the 
mAb. 2A-4*(positive) and the 60 % of them were also 
positive for phagocytosis activity. These results 
backed up the our previous data obtained from the 
in vivo experiments. We speculate that the growth 
and/or differentiation of neutrophils are supported 
by the factors of stroma cells outgrown in vitro 
cultures. The factors, which might affect to the 
differetiation, are, however, still remained to be 
explained. 
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IDENTIFICATION AND CHARACTERIZATION OF A 
VARIANT OF THE THIRD COMPONENT OF COMPLE- 
MENT (C3) IN HAGFISH SERUM. 

ali Fujiil, T. Nakamura2 and S. Tomonagas. 
lHiroshima Women's Univ.. 2Nippon Inst. for 
Biol. Sci., Ohme and 3Yamaguchi Univ., Ube. 


A hagfish serum protein that is cross- 
reactive with the third C component of 


hagfish (C3-1) was purified to homogeneity 
and its structural properties compared with 
those of two-subunit chain C3-1. This 


protein (termed C3-related protein: C3-2) 
purified from the plasma consists of three 
disulfide-linked polypeptide chains (a’, 
77 RDA, J8, 72 ISDE Amel ¢25 SO iDEN 5 Etc 
shows the electrophoretic mobility of ag- 
globulin. However, immunochemical analysis 
revealed that native C3-2, present at a 
concentration of 0.24 mg/ml in the original 
plasma, consists of two disulfide-linked 
subunits (105 kDa and 72 kDa), and has the 
same electrophoretic mobility as B-globu- 


lin. C3-2 shares some antigenicity with 
C3-1, but it also displays distinctive 
antigenic determinants of its own. Amino 


acid sequence analysis of the amino-termini 
of the subunits from C3-2 revealed a high 
degree of homology with those of C3-1. 
Furthermore, sequencing data indicate that 
both types of native C3 occur in the serum 
with irregular two-subunit(a+7 and 8) 
chain structure as a result of the one- 
sided processing of hagfish pro-C3 only at 
the 8-a@ processing site and that only C3-2 
alters its molecular features into three- 
subunit structure during its purification. 


ULTRASTRUCTURE OF RESIDENT PHAGOCYTES IN 
THE FISH HEART. 

H.Nakamura and A.Shimozawa, Dept. of 
Anat., Dokkyo Univ. Sch. of Med.,Tochigi. 


In higher vertebrates, resident 
macrophages lining blood vessels remove 
particulate material from the blood in 
organs, mainly the liver, spleen, bone 
marrow and lungs. In teleosts, Oryzias 
latipes, Carassius auratus and some 
characoides, resident intravascular 
phagocytes (RIPs) were found in the heart 
by light and electron microscopy after 
intraperitoneal injection of carbon 
particles. Two or more types of RIPs were 
distinguished by TEM. Type 1 was a 
macrophage-like cell, containing many 
organelles, lysosomes and phagosomes. 
Type 2 was a reticular-—like ceily 
characterized by large vacuoles and the 
irregular contour with filopodia. Besides 
these, a few cells with scanty organelles 
were encountered lying on the surface of 
endocardial endothelium (EE). No special 
cellular junction was found between RIPs 
and EE, although both RIPs and EE often 
developed cytoplasmic processes each 
other at the site of contact. The cardiac 
RIPs may function as analogues of Kupffer 
cells which are mostly lacking in the 
fish liver. 
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SECRETORY CELLS OF BODY SURFACE MUCUS 
IN THE LAND SLUG, INCILARIA FRUHSTORFERI | 
- Furuta , K. Yamaguchi and A.Shimozawa 
Dept. of Anat and Lab. of Med. Sci., 

Dokkyo Univ. Sch. of Med., Tochigi. 

The body surface of the land slug is 
lined with simple columnar epithelium 
that is covered with mucus layer. The 
two distinct types of mucus’ secretory 
cells were observed in the skin electron 
microscopically and histochemically. 
One was the tubular secretory cells and 
located more abundant on the dorsal skin. 
The cell bodies lay within the musculature 
and each cell possessed a long neck open- 
ing onto the surface. The nucleus lay 
deep in the cell along with most of the 
cytoplasm. Secretory granules of the 
cells were strongly positive for acidic 
mucopolysaccharide tests and slightly 
positive for protein tests. With ABC 
method of seven biotinylated lectins 
(RCA,WGA,ConA,PNA,DBA,SBA,UEA) the cells 
were strongly positive for RCA staining. 
The other was round cells and located 
mainly in the ventral skin. Secretory 
granules were negative for alcian blue 
(pH2.5) and toluidine blue staining and 
only positive for protein tests and for 
WGA staining. These results suggest that 
the mucus from the dorsal skin is mainly 
produced by tubular cells and contains 
acidic mucopolysaccharides while round 
cells present more abundant in the ventral 
skin and secrete the mucus’ containing 
proteins. 


FROM WHERE ARE THE CIRCULATING PHAGOCYTIC 
CELLS IN THE LAND SLUG 2 
K. Yamaguchi , E.Furuta’ and A.Shimozawa 

Lab. of Med. Sci. and “Dept. of Anat., 
Dokkyo Univ. Sch. of Med., Tochigi. 


Few reports have so far been published 
concerning hemolymph cell-producing organs 
in molluscs. In the land slug, Incilaria 
fruhstorferi, we searched hemopoietic 
organs in vivo and in vitro. When yeasts 
as foreign materials were injected into 
the hemocoel, lining cells of the hemocoel 
wall protruded and freed from the wall 
into the lumen. At this time, the 
non-specific esterase activities of lining 
and dorsal or ventral hemocoel wall cells 
were not detectable, although that of 
the freed cells was strongly detectable. 
In cultivation, migrated cells from the 
explants of the hemocoel wall were 
fibroblast- and macrophage-like cells. 
They are weakly positive to non-specific 
esterase reaction. These results are 
in line with our hypothesis that the 
fibroblasts of hemocoel wall of the land 
slug are able to transform to macrophages. 
Furtheremore, bromodeoxyuridine immuno- 
histochemistry is in progress to know 
whether cell division is induced by the 
injection with yeasts. 
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OBSERVATION OF PHAGOCYTOSIS OF ECHINODERM 
PHAGOCYTE ON BACTERIAL THIN-LAYER JIN VITRO 

T.Seki ' and K.Seki * . ' Biol. Lab., Nippon Med. School, Kawasaki, 
and * Dep. Bacteriol., The Jikei Univ., Tokyo. 


ALLOGENEIC AGGREGATION OF HEMOCYTES OF 
THE ASCIDIAN, HALOCYNTHIA RORETZI 

S. Ohtake, T. Abe, F. Shishikura, and K. Tanaka 
Department of Biology, Nihon University School of 
Medicine, Tokyo. 


Allogeneic reactivity of hemocytes of H. roretzi is easily 
detected by means of allogeneic aggregation in a well of 
phagocytosis of phagocytes have been reported. We observed U-plate. _Hemolymphs (100 ul) of any two individuals 
phagocytosis of echinoderm phagocyte by using the method (Seki er from a same population were mixed in wells and 
al.1989) developed for analysis of phagocytic activity in human incubated at 23-24°C. In most of the matching, the 
leukocyte. hemolymph mixture became brown within the first 10 min. 
of incubation and cells formed a sheet on the bottom of 
the well within 3 hours (allo-reactive). In autogeneic 
and a few matched hemolymph, cells formed a button on 
the bottom of the well (non-reactive). Electron 
microscopic observations revealed that almost all 
types of hemocytes aggregated rapidly and the acute 
discharge of contents of their granules and vacuoles 
was observed in allo-reactive mixture. It may be a 
representation of "contact reaction" (according to Fuke) 
between allogeneic hemocytes. Allogeneic phagocytosis 
of small granular amebocytes (SGs) was certainly 
observed in these mixtures. In autogeneic and non- 
human or frog leukocytes. This method. may be convenient for reactive mixture, aggregates of large granular 
evaluating the phagocytic activity of echinoderm phagocyte as well as amebocytes encapsulated by SGs were observed, 
however, other types of cells did not aggregate even 18 
hours after incubation. Allogeneic phagocytosis was not 
observed in the non-reactive mixture. The allogeneic 
aggregation was inhibited in Ca2*, Mg** free artificial sea 
water, but not affected by the addition of GalNAc or 
GIcNAc. 


It has been known that the coelomic phagocyte of echinoderm is 
concerned with defence mechanisms. Various methods to observe the 


Staphylococcus aureus cells were grown on heart infusion agar plate 
at 37°C ovemight. After harvest, bacteria were washed with 
physiological saline, and heated in boiling water for 30min. Heat-killed 
bacteria were used for the analysis of phagocytic activity. Coelomic 
fluids from the sea urchins (Anthocidaris crassispina, Hemicentrotus 
pulcherrimus, Psuedocentrotus depressus and Clypeaster japonicus), the 
starfish (Asterina pectinifera) and the sea cucumber(Stichopus japonicus) 
were applied on thin-layer of heat-killed S. aureus cells in the plastic 
dishe. After incubation of several hours at 25 °C , the blank spaces 
(plaques) of bacterial thin-layer due to phagocytic activity of phagocytes 
were formed. These plaques showed similar form to those shown by 


human leukocytes. 


ALLORECOGNITION DURING PHAGOCYTOSIS BY ISOLATION AND CHARACTERIZATION OF A 


TUNICATE HEMOCYTES 

T. Sawada', S. Ohtake*, N. Tokuda', Y. 

Fujikura! and T. Fukumoto!. ‘Dept. Anat., 

yamagucht Univ. Sch. Med., Ube, and 
Dept. Biol., Nihon Univ. Sch. Med. Tokyo 


We examined allogeneic recognition 
during phagocytosis by hemocytes of 
tunicate Halocynthia roretzi. Allogeneic 
difference of the hemocytes was preserved 
by fixation with 3% paraformaldehyde, and 
phagocytic hemocytes (p1- and p2-cells) 
phagocytized only allogeneic hemocytes 
even after fixation. Phagocytosis was 
found absent in specific allogeneic 
combinations. We designed a conventional 
method to test hemocyte reactivity among 
allogeneic tunicates, which was detected 
as a complex of various reactions of 
living hemocytes (e.g. contact reaction). 
The pattern of allogeneic phagocytosis 
against fixed hemocytes corresponded to 
alloreactivity; phagocytosis was absent 
in non-reactive combinations between 
allogeneic tunicates revealed by the 
alloreactivity test mentioned abouve. 
The allogeneic phagocytosis did not occur 
against ethanol-fixed hemocytes. No 
allogeneic phagocytosis was observed in 
EGTA-solution despite the presence of 
Phagocytosis against SRBC in the same 
solution. It may suggest a difference of 
mechanism between allogeneic phagocytosis 
and phagocytosis against xenogeneic SRBC. 


HUMORAL PROLIFERATION-STIMULATING FACTOR 
FROM ASCIDIAN HEMOLYMPH. 

J. Iizuka, K. Azumi and H. Yokosawa. 

Dept. of Biochem., Fac. of Pharmaceutical 
Sci., Hokkaido Univ., Sapporo. 


Humoral and cellular factors play 
essential roles in the defense mechanisms 
of the ascidians. 

We have previously found humoral 
factors in the hemolymph of the ascidian, 
Halocynthia roretzi, and analyzed the 
cellular defense reactions such as 
phagocytosis and hemocyte aggregation. 


To investigate humoral factors 
participating in the proliferation of 
ascidian hemocytes, we surveyed 


proliferation-stimulating factors in the 
hemolymph of H. roretzi using the 


interleukin-1 assay based on the 
stimulation of incorporation of [SHa= 
thymidine into mouse thymocytes. We 
purified a factor from H. roretzi 


hemolymph by a procedure including 75% 
ammonium sulfate precipitation, phenyl- 
Sepharose hydrophobic chromatography, 
Sephadex G-50 gel filtration, and Mono Q 
jon exchange chromatography (FPLC). The 
molecular weight of the isolated factor 
was more than 80,000 and its activity was 
completely lost by treatment at 70°C for 
30 min. These properties, as well as the 
chromatographic behaviors, indicate that 
the ascidian humoral factor isolated is 
distinct from mammalian interleukin-1. 
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RESPIRATORY BURST ACCOMPANYING ALLO- 
RECOGNITION OF ASCIDIAN HEMOCYTES 


N. Akita & M. Hoshi Dept. of Life Sci., Tokyo 


Inst. of Tech., Yokohama 


When hemocytes from two individuals of H. roretzi 
are mixed, they aggregate and collapse. This 
phenomenon of non-self recognition (contact reaction) 
was accompanied by a burst of cyanide- and azide- 
insensitive, Ca**-dependent O, consumption. 
Although it appears similar to mammalian immunodefense 
against bacteria and others, no production of superoxide 
anion (O,) was detected upon the burst. 

We propose the following hypothesis: hemocytes 
recognize a cell surface allo-molecule(s) of non-self cells 
and undergo the exocytosis or devacuolation, which is 


accompanied by the respiratory burst. 


CYTOLYTIC ACTIVITY OF PLASMA ON 
HEMOCYTES IN THREE CRUSTACEANS, 
PANULIRUS JAPONICUS, PENAEUS JAPONICUS 
AND HOMARUS AMERICANUS. 

H. Aono. National Research Institute of Aquaculture, 
Mie. 


Cytolysis of hemocytes is the first step of 
hemolymph coagulation in crustaceans. To elucidate 
this initial step of the coagulation process, the 
cytolytic activity of plasma on hemocytes was 
investigated. Hemolymph was drawn using 
anticoagulant. Plasma was then separated from 
hemolymph and dialyzed against artificial sea water to 
exclude anticoagulant. The dialyzed plasma of the 
spiny lobster, Panulirus japonicus, was mixed with 
hemocytes isolated from hemolymph of the same 
species in vitro, and the morphological change of 
hemocytes was observed using phase-contrast 
microscopy. The plasma rapidly induced cytolysis of 
semigranular and hyaline cells after being mixed with 
hemocytes. Plasma of the shrimp, Penaeus japonicus, 
and the lobster, Homarus americanus, also induced 
cytolysis of semigranular and hyaline cells in an 
almost species-specific way. The cytolytic activity of 
plasma of the spiny lobster was inactivated by trypsin 
treatment. These results suggest that plasma fraction 
of crustacean hemolymph contains a protein which 
induces cytolysis of hemocytes. 


HISTOCOMPATIBILITY BETWEEN YOUNG COLONIES 
OF THE CORAL POCILLOPORA DAMICORNIS. 

M. Hidaka!, S. Sunagawa!, K. Yurugil and 
R.A. Kinzie III2- !Dept. of Biol., Univ. of 
the Ryukyus, Nishihara, Okinawa and 2 Dept. 
of Zool., Univ. of Hawaii, Hawaii, U.S.A. 


Contact responses between newly settled 
larvae derived from different colonies of 
the coral Pocillopora damicornis were 
examined. When primary polyps or young 
colonies derived from different colonies 
were brought into contact, they showed 
either fusion, non-fusion, or transient 
fusion. In non-fused pairs, tissue was 
discontinuous and a skeletal ridge was 
formed at the interface. In transient 
fusion, tissue appeared continuous but a 
white zone without zooxanthellae was 
present at the interface of the paired 
polyps. Newly formed polyps near the white 
zone sometimes disappeared or became 
partially disintegrated as the white zone 
widened. The skeletons of the transiently 
fused polyps were continuous but a groove 
with skeletal spines on both sides was 
observed at the interface. Most of the 
transiently fused polyps became separated 
by a skeletal ridge as in non-fused pairs 
or by a narrow zone of skeleton without 
living tissue after 2-8 months. The 
transient fusion might be 
histoincompatible response which may later 
transform into non-fusion response. 


DISRUPTION OF ACTIN FILAMENT ORGANIZATION 
IN THE PHOTORECEPTORS INHIBITS THE RHABDOM 
MORPHOGENESIS IN A CRAB HEMIGRAPSUS 

A. Matsushita, K. Arikawa, and E. Eguchi. 


Dept Biol, Yokohama City Univ, Yokohama 236 

The rhabdomeric microvilli of arthropod photoreceptors 
turn over continuously: old membranes are removed from the 
thabdom, whereas the new membranes are added to the rhab- 
dom. Filamentous actin (F-actin) in the photoreceptors is 
thought to be involved in the rhabdom morphogenesis, for 
myosin I-like proteins colocalize with the F-actin: actin- 
myosin interaction could transport the membranes to the rhab- 
dom. Microtubules are also responsible for some transporta- 
tion in the photoreceptors as in other neurons. In a crab, 
Hemigrapsus sanguineus, the rhabdom size increases at night 
because of the active membrane turnover. So the crab eye, 
where the turnover activity can be quantified by the rhabdom 
size, is suitable for studying the turnover process in detail. 

We disrupted F-actin and microtubules with cytochalasinD 
(cytD) and colchicine respectively to reveal if the cytoskele- 
tons are involved in the rhabdom morphogenesis in the crab. 
The crab retinas were isolated at ca. 1h before the light off and 
incubated in saline. Just before the light off, the medium was 
replaced by fresh saline with 0.5% DMSO containing either 
cytD (5, 50, 500M) or colchicine (0.2, 2, 20mM), and sub- 
sequently incubated for 6h in the dark at 25°C. The control in- 
cubation was done in the solution without the inhibitors. The 
tissues were then processed for electron microscopy. 

The rhabdom size of colchicine-treated eyes, at least first 3h 
of the incubation in the dark, the rhabdom size normally in- 
creased as in contol at all three concentrations. However, in 
cytD-treated eyes, even at SOUM, the increase in the rhabdom 
size was significantly inhibited for 6h after the light off. The 
results indicate that the F-actin is involved in the membrane 
morphogenesis, probably by serving a route for transportation 
of membrane towards the rhabdom. 
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POSTEMBRYONIC DEVELOPMENT OF THE GENITAL 
PHOTORECEPTOR OF A SWALLOWTAIL BUTTERFLY, 
PAPILIO XUTHUS. 

Y. Miyako, E. Eguchi, and K. Arikawa. 

Dept Biol, Yokohama City Univ, Yokohama 236 


In the female swallowtail butterfly, Papilio xuthus, the 
genital photoreceptor cell (GP) exists in the papila analis (PA), 
which is a darkly tanned and setose pair of lobes between 
which the anus and the oviduct open to the exterior. We exam- 
ined the development of the GP during the pupal period. 

We first divided the pupal period into four stages based on 
the structure of the primordium of PA: Stage 1, primordium is 
barely identifiable; Stage 2, primordium is clearly identifiable 
but the lateral hollow of PA is not yet formed; Stage 3, PA 
formation is mostly completed except for the cuticular tanning; 
Stage 4, PA cuticle tans. 

The pupal tissue containing the genital segments was pre- 
fixed with 4% glutaraldehyde plus 1% paraformaldehyde in 
0.1M sodium cacodylate, postfixed with 2% OsOsg in the same 
buffer, and then embedded in Epon. The cell body of the GP 
was identified in stage 2 by light microscopy of toluidine blue- 
stained semithin sections. Further electron microscopy re- 
vealed that the phaosome, which consists of the tubular mem- 
branes and the distal processes, appeared in stage 3. The 
phaosome volume, which was measured by reconstructing 
EM serial sections, continued to increase in stage 4. 

The photoresponse of the GP was extracellularly recorded 
from the photoreceptor axon with suction electrode. The re- 
sponse was first recorded in stage 2. The photoreceptor sensi- 
tivity was, however, about 1 log unit lower compared to the 
adult. The sensitivity increased throughout the pupal period, 
especially in the stage 4. The increase in sensitivity occured 
simultaneously with the increase in the phaosome volume 
during stage 4, indicating that the phaosome is the photore- 
ceptive site of the GP. 


FORMATION OF THE DORSAL EYE OF 
JUVENILE Onchidium (MARINE GASTROPOD). 
N. Katagiri!, Y.Katagiri2, Y. Shimatani?, 
K. Fujimoto2, Y. Hashimoto? and E. Aikawa? (! Med. 
Res. Inst., 2Dept. of Physiol., 3Dept. of Anat. & 
Develop. Biol., Tokyo Women's Med, Coll., Tokyo 
Onchidium sp. has a multiple photoreceptive 
system; stalk eyes, dorsal eyes, extraocular dermal 
photoreceptor cells, and photosensitive neurons in the 
cerebral ganglion. Juveniles can develop from eggs 
via the veliger stage in the laboratory. At hatching, 
they have a pair of stalk eyes but no dorsal eyes. The 
dorsal eyes are first recognized as dark spots in the 
central region of the mantle of 1.5 mm juveniles. 
The mantle is covered with single layered epithelial 
cells. Submantle loose connective tissue contains 
dermal photoreceptor cells, muscle cells, gland cells, 
pigment cells, nerve fibers, etc. The juvenile dorsal 
eye has essentially a miniature structure of the 
adult's, consisting of the retina of ciliary photo- 
receptor cells, cellular lens, and cup-shaped pigment 
cell layer. Under thickened epithelial cells of the 
presumptive ocellar tubercles, various structures 
such as clustering of undifferentiated cells, 
thabdomeric lens cells and ciliary photoreceptor cells 
in clusters surrounded by pigment cells were 
observed. These structures are taken together to 
represent units of emerging dorsal eyes. 


INHIBITORY ACTION OF ULTRAVIOLET 
SENSITIVE CONE MECHANISM TO _ BLUE 
SENSITIVE CONE MECHANISM IN JUVENILE 
GOLDFISH 

K. Ohnishi. Dept. of Physiol., Nara Med. Univ., 
Kashihara 


Chromatic adaptation cxperiments were 
performed to examine the cause that brings the 
poor blue vision in juvenile goldfish (Ohnishi, 
1993a,b). Goldfish were trained with 
monochromatic light (conditioning stimulus, CS) to 
avoid electro-shock (unconditioning stimulus, US) 
using a shuttle box and obtained lcarning curves 
were analyzed. Juveniles acquired learned 
responses more rapidly under ultraviolet (UV) 
adaptation than under white adaptation when 
they were trained with 450 nm light, while 
adults did not. When goldfish were trained with 
525 nm or 625 nm light under UV adaptation, 
such a facilitation in learning was not observed in 
both juveniles and adults. Under yellow 
adaptation, that facilitation was not observed. 
This indicates that the facilitation observed in 
juveniles is not due to the B-band of absorption 
spectra in the green and the red cones but the 
property of the UV cones. Furthermore, juveniles, 
in contrast to adults, maintained good learning 
ability even when the CS shifted to near UV (400 
nm). These results suggest that juveniles may 
have a unique inhibitory action from UV sensitive 
cone mechanism to the blue sensitive cone 
mechanism. 

Vision Research (1993a) 33:1665-1672 
Zoological Science (1993b) 10: 411-415 


MODULATION OF THE FEEDING SYSTEM BY RADU-— 
LAR MECHANOSENSORY NEURON IN INCILARIA. 
.Kawahara~, M.Yano“, and H.Shimizu~. 
Fac. of Pharmaceutical Sci., Univ. of 
Tokyo, Tokyo, Res. Inst. of Electrical 
Communication, Tohoku Univ., Sendai, The 
"Ba" Res. Inst., Kanazawa Inst. of Tech-— 
nology, Tokyo. 


Feeding motor rhythm of gastropod molluscs 
has been known to be modulated by sensory 
information. In this experiment, the 
modulatory ability of radula mechanosenso— 
ry neuron (RM), which has been found in 
the terrestrial slug, Incilaria fruhstor- 
feri, was investigated. In quiescent 
preparations, RM spiking with current 
injection evoked several cycles of rhyth- 
mic buccal motor activity (RBMA), of which 
the pattern of muscle activities was 
similar to that of food-induced RBMA. When 
RBMA was already active with food applica- 
tion, RM spiking with current injection in 
the fictive rasp phase increased the 
amplitude and duration of phasic depolari- 
zation of the supramedian radular tensor 
motoneuron (SMT). These results suggested 
the enhancement of the rhythm-generating 
interneurons. In quiescent SMT, RM spiking 
evoked diphasic depolarization consisting 
of excitatory postsynaptic potential and 
prolonged depolarization, which remained 
also in high divalent cation saline. We 
Propose that RM can modify the feeding 
motor pattern through enhancing both the 
interneuronal and motoneuronal levels. 
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A FUNCTIONAL ARCHITECTURE OF THE SLUG 
BRAIN: WITH SPECIAL REFERENCE TO ITS ODOR 
RECOGNITION. 

T Kimura, H Suzuki, T Sekiguchi and A 
Mizukami, Tsukuba Research Center, SANYO 
Electric Co. Ltd., Tsukuba 


The procerebal lobe (PCL) of slug 
brain is constituted by about 20,000 
interneurons, which formed a layered cell 
mass. From the surface of the cell mass, 
oscillatory activity of the interneurons 
was recorded as a oscillatory local field 
potential. Our simultaneous recording 
experiments from various regions on the 
surface of cell mass demonstrated that the 
oscillatory activity of whole PCL was 
regarded as a wave which lengthened along 
the ventral-dorsal axis and which 
propageted along the lateral-medial axis. 
This suggests that there is a functional 
unisometory of the PCL system. On the 
other hand, dye labeling experiments 
during odor stimulus or odor-taste 
learning indicated that 50~100 
interneurons was enhanced the dye- 
uptaking activity, and that these dye- 
labeled neurons formed a cell cluster 
distributing along the dorsal-ventral 
axis. These facts suggests that the 
unisometoric architecture of PCL 
contributes their odor recognition. 


GENETIC DISSECTION OF CHEMOSENSORY 
TRANSDUCTION MECHANISMS IN DROSOPHILA. 

T. Tanimura’ and F. Yokohari* 

1 Biol. Lab., Kyushu Univ. Ropponmatsu, Fukuoka 

2 Biol. Lab., Fac. Sci., Fukuoka Univ. Fukuoka 


To reveal the molecular mechanisms of the taste 
transduction pathway through the multiple receptor sites for 
sugars, we searched for strains with aberrant taste responses to 
sugars among visual transduction mutants so far isolated. We 
found that the norpA (no-receptor-potential A) mutant shows 
reduced responses to glucose, sucrose and _ trehalose. 
The norpA gene was recently cloned and it was shown that 
the gene encodes a phosphatidylinositol-specific phospholipase 
C. These studies proved thatthe phototransduction 
cascade in the fly is mediated by a second messenger inositol 
1,4,5-triphosphate(IP,). Our results indicate that IP, is also a 
second messenger molecule in the taste transduction in the fly 
and there involved a different transduction pathway in the 
response to fructose. In addition we found that the olfactory 
response is affected in norpA flies. Electroantennograms (EAGs) 
were recorded to several odorants and responses to all odorants 
examined were reduced in the norpA mutant. These results 
support the view that IP, is involved in the sensory transduction 
pathways of both taste and olfaction in the fly. 


THE EFFECTS OF NUCLEOTIDES ON THE LABEL- 
LAR TASTE RECEPTORS IN THE FLESHFLY 
M. Koganezawa and I. Shimada Biol. Inst., 
Fac. of Sci., Tohoku Univ., Sendai 


Most nucleotides tested have the stimu- 
lating effects on the salt receptor cell 
in the fleshfly. The magnitude of the 
responses to dibutyryl cyclic GMP 
(dbcGMP) is nearly equal to the sum of 8- 
bromo cGMP (8bcGMP) and cGMP at 100mM. 
The response to dbcGMP is interpreted to 
have two components, that is, membrane 
impermeable cGMP type and permeable 
8bcGMP type. 8BcGMP can elicit the re- 
sponse at very low concentration,~50 pM, 
which may be compatible with its perme- 
ability and function as a second messen- 
ger. A remarkable difference in the re- 
sponses to 8bcGMP and 8bcAMP may suggest 
that cGMP, not cAMP, plays as a second 
messenger in the salt receptor cell of 
the fleshfly. 


WHOLE-CELL MEMBRANE RESPONSES OF 
ISOLATED MAMMALIAN OLFACTORY RECEPTOR 
NEURONS TO IP3 AND cAMP 

N. Suzuki and S. Hirabayashi 

Ani.Behav. & Intelli., Div. of Biol. Sci., Grad. Sch. of Sci., 
Hokkaido Univ., Sapporo 


Recent biochemical and electrophysiological studies on 
some vertebrate species suggest that not only cAMP but also 
ionositol 1,4,5-trisphosphate(IP3) may play a role as a 
second messenger in vertebrate olfactory transduction. To 
obtain the evidence for the presence of transduction pathway 
mediated by IP3 in mammalian olfactory receptor neurons, 
we have studied the membrane responses of olfactory 
receptor neurons isolated from mice and rats to intracellularly 
injected IP3 and cAMP by using whole-cell recording 
techniques. With a pipette filled with K-solution containing 
20 - 50 uM IP3, a small inward current with a peak 
amplitude of about 20 pA at a holding potential of -60 mV 
was induced in receptor neurons adapted in normal saline. 
Inward currents induced by IP3 were composed of a fast rise 
and a slower decay with a time constant of about 1.2 sec. and 
mimicked receptor responses to odorants. However, the 
much lower success rate for the recording of IP3-responses 
than that for the recording of cAMP-responses suggests that a 
smaller population of individual receptor neurons may be 
equipped with the machinery of IP3-transduction pathway. 
(Supported by a Grant-in-Aid 04640647 from the Japanese 
Ministry of Education, Science and Culture) 
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THE INDUCTION OF THIGMOTAXIS IN PARAMECIUM 
CAUDATUM. 

K.Iwatsuki and T. Hirano. Inst. of Biology, 
Fac. of Educ., Kagawa Univ., Takamatsu, Kagawa. 


It is hard to see the thigmotactic behavior 
in Paramecium caudatum in a saline solution. In 
order to know thigmotaxis, we tried to induce 
the thigmotaxis in P. caudatum with changing 
in the ratio of extracellular Ca*+ to K* in 
surrounding medium. We succeeded in inducing 
thigmotaxis in P.caudatum. We found that a 
lower Ja-value (Jahn,1962) solution induced the 
thigmotaxis, and a higher ionic strength solu- 
tion also induced thigmotaxis in P. caudatum. 
With increasing ionic strength but at a low Ja- 
value, the number of P. caudatum showing thig- 
motaxis increased. From the facts described 
above, We conclude that the thigmotaxis is one 
of the stimulus-response behavior, such as 
photostimulation-response in Stentor coeruleus 
(Iwatsuki and Song, 1989;Iwatsuki and Ko- 
bayashi, 1991). 


FMRFamide immunoreactive neurons of the hypothalamus 
innervate parapineal organ of river lamprey. 

S. Tamotsu, M. Fujino, K. Mizumoto and Y. Morita. 

lst Dept. of Physiol., Hamamatsu Univ. Sch. of Med., 
Hamamatsu. 


In the previous study, FMRFamide immunoreactive (FMRF- 
IR) pinealopetal fibers were found in the parapineal organ but 
not in the pineal organ of river lamprey, Lampetra japonica. 
Furthermore, varicosities of FMRF-IR fibers were in contact 
with axonal projection or soma of serotonin immunoreactive 
cells, which were regarded as neuroendocrine cells secreting 
melatonin, in the dorsal portion of parapineal organ. 
However, it was an open question where the cell bodies of 
these fibers located. 

In the present study, we investigated the central origin of 
FMRF-IR efferent fibers into the parapineal organ by use of 
tracing technique combined with FMRFamide 
immunocytochemistry. The experiment revealed that some of 
FMRF-IR cells in hypothalamus were retrogradely labeled 
with fluorescent tracer applied to the transected pineal and 
parapineal tracts. This finding shows neural connection 
between the parapineal organ and hypothalamus by FMRF-IR 
neurons. It was suggested that hypothalamus is concerned in 
regulation of melatonin secretion in the pineal organ of 
lampreys. 


FMRFamide immunoreactive fibers in the pineal organ of 
teleosts and cyclostome. 

T. Nawa, S. Tamotsu, M. Fujino and M. Samejima. 1st Dept. 
of Physiol., Hamamatsu Univ. Sch. of Med., Hamamatsu. 


We previously reported that FMRFamide immunoreactive 
(FMRF-IR) efferent fibers were found in parapineal organ, but 
not in the pineal organ of a river lamprey, Lampetra japonica. 
However, FMRF-IR axons were reported in the pineal organ 
of Gasterosteidae and Salmonidae. In order to elucidate 
whether these fibers were widely contained in the pineal organ 
of teleosts, localization of FMRF-IR fibers was examined in 
the pineal organ of other families of teleost, Osmeridae and 
Cyprinidae. 

In Plecoglossus (ayu) and Zacco (oikawa), the bundle of 
FMRF-IR fibers were observed at the pineal stalk, and a few 
of them extended into the distal portion of the end-vesicle as 
well as in sticklebacks and coho salmon. It was suggested that 
FMRF-IR fibers of the pineal organ are found in many species 
of teleosts. Apparently, these fibers participate in essential 
function of the pineal organ in teleost. 

The FMRF-IR fibers were not found in the pineal organ of 
lampreys, Lampetra reisseneri as shown in L. japonica. It 
was concluded that the efferent innervaution in the pineal organ 
of teleosts is different from that of cvclostome. 


THE CHANGE OF FMRFamide IMMUNOREACTIVITY 
DURING TENTACLE REGENERATION OF THE SLUG, 
LIMAX MARGINATUS 

H. Suzuki, T. Kimura, and A. Mizukami. 
Tsukuba Research Center, Sanyo Electric 
Co. LTD., Tsukuba. 


We reported previously that the 
tentacular ganglion contained FMRFamide- 
like immunoreactive (FLI) sensory neurons 
and efferent fibers, and that it took 
about 1 month to regenerate a new tentacular 
ganglion. The regeneration process was 
divided into 5 stages morphologically. Of 
the 5 stages, the significant morphological 
change was observed on stage II-IV. In 
this work we studied the behavior of renewal 
FLI cells during the reconstruction of 
tentacular ganglion in the terrestrial slug, 
Limax marginatus. At first (stage II), FLI 
efferent fibers sreinnervated into the 
regeneration blastema which was formed by 
accumulation of undifferentiated cells at 
the tentacular stump. On the stage III~IV, 
FLI neurons appeared under the regenerated 
sensory epithelium, which was similar to 
normal organ, and then elongated the neurites 
toward the cerebral ganglion. Further 
investigation is necessary to reveal the 
contribution of the FMRFamide system to 
the regeneration process. 


Physiology 89 


BIOACTIVE SUBSTANCES IN THE PROTOCHORDATE 
STYELA PLICATA——A FREDIMINARY REPORT. 

M. Ohtani T.Takahashi!, K.Tsutusi 

Ye. Muneokg! , We Ikeda H. ‘Minakata and 
K.Nomoto Fac. Integrated Arts and 

Sci. Hiroshima Univ., Higashi-Hiroshima 
and 2suntory Inst. Bioorganic Res., Osaka. 


All the visceral organs, the mantles 
and the neural complexes were removed from 
300 specimens of Styela plicata and were 
boiled for 10 min in water containing 5% 
acetic acid. The boiled material was 
homogenized and centrifuged. The superna- 
tant was concentrated and forced through 
C18 cartridges. The retained material was 
eluted with 10% methanol at first and then 
with 50% methanol. An aliquot of the 
retained material eluted with 50% methanol 
(50% RM) was tested on the rectum of a 
quail, the crop of a cricket, the radial 
longitudinal muscle of a sea cucumber and 
the anterior byssal retractor muscle 
(ABRM) of a sea mussel. The 50% RM showed 
a clear excitatory activity on spontaneous 
contractions of the rectum of the quail 
and a weak inhibitory activity on phasic 
contraction of the ABRM of the mussel in 
response to repetitive electrical stimula- 
tion. These bioactive substances were 
purified by applying them onto the HPLC 
with a reversed-phase, a cation-exchange 
or an anion-exchange column. The determi- 
mation of the structures of the purified 
substances is now in progress. 


BIOACTIVE PEPTIDES IN THE SEA CUCUMBER 
STICHOPUS JAPONICUS—A PRELIMINARY REPORT. 

E. Iwakoshi-, T.Takahashit, Y.Muneoka~, T. Ikeda“, 
H.Minakata and K.Nomoto“. ~Fac. Integrated Arts 
and Sci., Hiroshima Univ., Higashi-Hiroshima and 
Suntory Inst. Bioorganic Res., Osaka. 


The sea cucumber Stichopus japonicus (5 kg) 
were chopped and frozen in liquid nitrogen. The 


frozen material was pulverized and boiled for 10 
min. The material was then homogenized and 
centrifuged. The supernatant was concentrated 
and forced through C18 cartridges. The retained 
Material was eluted with 10% methanol at first 
and then with 50% methanol. An aliquot of the 
retained material eluted with 50% methanol (50% 
RM) was tested on various muscles of various 
animals. A strong excitatory activity was observed 
in the radial longitudinal muscle of the sea 
cucumber, while, in the other muscles such as the 
rectum of a quail and the crop of a cricket, a 
weak excitatory or inhibitory activity was ob- 
served. The 50% RM was then applied onto HPLC 
with a reversed-phase column. An aliquot of each 
obtained fraction was again tested on the various 
muscles. Only in the muscle of the sea cucun- 
ber, many bioactive peaks were observed. These 
peaks were subjected to further HPLC purification. 
Up to the present, about 20 species of pep- 
tidic bioactive substances have been purified. 
The determination of the structures of the sub- 
stances is now in progress. 


APISIN: A NOVEL BIOACTIVE PEPTIDE ISOLAT- 
ED FROM he HONEY BEE, APIS MELLIFERA. 

T. Takahashi! Y. Myneoka. M. Iwasaki2, 
econ Wo Tomingga® , T. Ikeda, H.Minaka- 
ta® and. K.Nomoto lFac. Integrated Arts 


gud Sci. Hiroshima Univ., Hiroshima, 
Biol. Lab., Fac. Sci., Fukuoka Univ., 
Fukuoka and Suntory Inst. Bioorganic 


Res., Osaka. 


We purified a bioactive substance from 
the honey bee, Apis mellifera. The sub- 
stance was subjected to amino acid se- 
quence analysis, amino acid analysis and 
fast atom bombardment mass spectrometric 
measurement, and was determined to be a 
peptide with the following structure: 


haere oe renee 
YIIDVPPRCPPGSKFIKNRCRVIVP 


We designated the peptide apisin. Apisin 
does not appear to be a member of any 
other previously identified peptide fami- 
ly. Apisin was found to show a potentiat- 
ing effect on spontaneous contractions of 
the crop and the hindgut of the cricket 
Gryllus. Apisin was also found to show an 
excitatory effect on several other arthro- 
podan intestines, but not to show any 
effect on some muscles of molluscs, the 
esophagus of an annelid, the radial longi- 
tudinal muscle of a sea cucumber and the 
rectum of a bird. The distribution of 
apisin-family peptides may be restricted 
within the Arthropoda. 


A CCAP (CRUSTACEAN CARDIOACTIVE PEPTIDE) -— 
RELATED PEPTIDE ISOLATED FROM THE GANGLIA 
OF THE SNAIL HELIX POMATIA. 

Y.Muneokal, T.Takahashil, T.Ikeda2, H. 
Minakata2, K.Nomoto2, T.Kiss3 and L.Hiripi3 
lfac. Integrated Arts and Sci., Hiroshima 
Univ., Higashi-Hiroshima, 2Suntory Inst. 
Bioorganic Res., Osaka and 3Balaton Limno- 
logical Res. Inst., Tihany, Hungary. 


CCAP,which was originally isolated from 
the pericardial organs of a crab, has been 
shown to be distributed not only in crus- 
taceans but also in insects. Recently, we 
have isolated a CCAP-related peptide from 
the ganglia of the pulmonate mollusc Helix 
pomatia. The peptide (Helix CCAP-RP 1) was 
found to show a strong potentiating effect 
(threshold = 0.1 nM) on phasic contraction 
of the anterior byssus retractor muscle 
(ABRM) of Mytilus in response to repetitive 
electrical stimulation. The potentiation 
was suggested to be brought about by 
the action of the peptide on the excitatory 
nerve elements in the ABRM. The Helix CCAP 
-RP 1 was also found to show an excitatory 
effect on some other molluscan muscles and 
on some arthropodan muscles. However, the 
peptide was found not to show any effect on 
some deuterostome muscle tissues such as 
the radial longitudinal muscle of a sea 
cucumber and the rectum of a vertebrate 
quail. The CCAP-family peptides seem to be 
distributed in the Protostomia but not in 
the Deuterostomia. 


90 Physiology 


STRUCTURE AND BUNCTION OF FEL SOMATOSTATINS 
T.Uesaka’, K.Yano“, M.Yamasaki“, K.Nagashima” and 
M.Ando!. 1Lab. of Physiol., Fac. of Integrated 
Arts & Sci., Hiroshima Univ. Hiroshima, “Tokyo Res. 
Lab., Kyowa Hakko Kogyo Co., Ltd., Tokyo. 


Four somatostatin-related peptides were isolated 
from eel guts. Two of them were the same as eel 
SS-25II (eSS-25II) and eel SS-25I (eSS-251) isolat- 
ed from European eel pancreas by Conlon et al. 
(1988). The remaining two peptides were C-terminus 
tetradecapeptides (eSS-14II and eSS-14I) of the 
eSS-25II and eSS-25I, respectively. These four 
peptides all enhanced the serosa-negative transe- 
pithelial potential difference and short-circuit 
current across the seawater eel intestine. Among 
these peptides, eSS-25II was the most potent en- 
hancer, followed by eSS-25I and eSS-14II. Since 
the large peptide (eSS-25II) acts at lower concen- 
tration than small somatostatin (eSS-14II), N- 
terminus 11 amino acid residues seem to potentiate 
the somatostatin action in the eel intestine. On 
the other hand, eSS-14II was more potent than 
mammalian SS-14, indicating that bhe dif: Spence in 
3 amino acid residues (Tyr 8 Gly“, Pro““) in the 
C-terminus portion also contribute to the potency 
of somatostatin. The endogenous somatostatin (eSS- 
2511) activated net Na*, Cl and water fluxes 
across the seawater eel intestine. This stimulato- 
ry action was not inhibited by TTX or yohimbine, 
indicating that the eSS-25II does not act through 
neural firing nor catecholamine release. Based on 
these results, eel somatostatin(s) may act directly 
on the enterocytes, but on a distinct receptor from 
adrenalin, to antagonize the Inhibition of NaCl and 
water absorption by 5-HT and ACh in the seawater 
eel intestine. 


ISOLATION OF BIOACTIVE SUBSTANCES IN AN 
EARTHWORM Eisenia foetida WITH SPECIAL 
REFERENCE TO OSMOREGULATORY SUBSTANCE 

O. Matsushima, T. Oumi and K. Ukena 

Biol. Sci., Fac. of Sci., Hiroshima Univ., 
Higashi-hiroshima 724 


The lumbricid earthworms E. foetida 
(970 g) were frozen in liquid nitrogen, 
pulverized in a crusher and boiled for 
15 min in water containing 4% acetic acid. 
The extract from the boiled material was 
concentrated and applied to C18 
cartridges. The retained material was 
eluted with 50% methanol. An aliquot 
(1/1000) of the eluate was tested on the 
isolated anterior gut (crop-gizzard 
complex) and on the nephridia. In both 
cases, the retained material was found 
to show a biological activity. Then, 
the material was subjected to HPLC 
purification. Using reversed-phase and 
cation-exchange columns, we so far 
purified six species of bioactive peptidic 
substances. One of the substances was 
found to elicit pulsative contractions and 
bladder-shaking movement of the nephridia, 
and the other five were found to 
potentiate or inhibit rhythmic spontaneous 
contractions of the gut. The structure 
determination experiments of these 
substances are now in progress. 


VANADIUM-BINDING PROTEIN IN ASCIDIAN BLOOD 
CELLS 

J. Wuchiyama and H. Michibata, Mukaishima 
Marine Biol. Lab., Hiroshima Univ., 
Hiroshima. 


Ascidians are known to accumulate high 
levels of vanadium in their vanadocytes. 
However, we are lacking in knowledge how 
the stem cells of ascidian blood cells 
differentiate to become vanadocytes with 
their unusual ability to accumulate high 
levels of the metal. 

Thus, we attempted to purify the vanadi-— 
um-binding protein from blood cell mem- 
brane in order to apply to a marker of 
functional differentiation of vanadocytes. 

Blood cells of Ascidia ahodori were 
suspended in 2.5 mM sodium borate solution 
and decomposed by ultrasonic treatment. 
Cell membranes collected from the superna— 
tant were solubilized with SDS sample 
buffer solution and then subjected to 
SDS-PAGE with the method of Laemmli. Each 
band obtained was cut off and analyzed for 
vanadium with a flameless atomic absorp— 
tion spectrometry. As a result, a novel 
vanadium—binding protein of about 53kDa 
was obtained from ascidian blood cells. 


DETECTION OF AN ANTIGEN RECOGNIZED BY A 
VANADOCYTE-SPECIFIC MONOCLONAL ANTIBODY IN 
ADULT TISSUES OF ASCIDIAN. 

A. Kaneko, J. Wuchiyama, T. Uyama and H. 
Michibata, Mukaishima Marine Biol. Lab., 
Hiroshima Univ., Hiroshima. 


Ascidians attract the attention of 
investigators from biology to chemistry as 
to having unique properties such as the 
accumulation of vanadium. They have nine 
to eleven types of blood cell. Among 
them, signet ring cells were proven to be 
the vanadocytes (Michibata et al., 1987). 
We have already raised a monoclonal anti- 
body specific to vanadocytes of A. syd— 
neiensis samea. The antibody commonly 
reacted with vanadocytes beyond species 
(Uyama et al., 1991). Using this mono- 
clonal antibody, we have attempt to iden— 
tify localization of vanadocytes and 
tissues involved in their renewal in adult 
A. sydneiensis samea. 

As a result, the vanadocytes were found 
to be located around intestine and the 
antibody further reacted with dorsal 
lamina and with atrial epithelium weakly, 
indicating that the same antigen as 
vanadocytes was presence at such adult 
tissues. 

We are now trying to raise monoclonal 
antibodies against several types of blood 
cells at various stage of differentiation 
to vanadocytes, which obtained unusual 
ability to accumulate high levels of 
vanadiun. 


EFFECT OF BAFILOMYCIN, A SPECIFIC INHIBI-— 
TOR OF H*-ATPASE, ON LOW pH OF VACUOLE IN 
THE VANADOCYTES 

T. Uyama and H. Michibata, Mukaishima 
Marine Biol. Lab., Hiroshima Univ., 
Hiroshima. 


Ascidians, belonging family Ascidiidae, 
are known to accumulate high levels of 
vanadium in their blood cells. Vanadium 
is stored in the vacuole of vanadocytes, 
among several different types of blood 
cells. We have previously reported that 
content of vanadocytes shows very low pH 
value of approximately 2 and that exist-— 
ence of vacuolar type H —ATPase in vana- 
docytes. The vacuolar type H*-ATPase is 
reported to be present on the vacuolar 
membranes of eukaryotic cells and to 
generate an electrochemical gradient of 
protons, that employed in the coupled 
transport of various small molecules. 

We intend to make clear that this 
gradient energetically conjugates with 
the accumulation of vanadium. We, there- 
fore, examined as the first step whether 
addition of bafilomycin, a specific 
inhibitor of vacuolar type H —-ATPase, to 
vanadocytes results in neutralization of 
vacuole of vanadocyte. As a result, it 
became clear that addition of bafilomycin 
provoked to inhibit pumping function in 
the vacuole of vanadocytes. 


STIMULATION OF PHOTOSYNTHATE EXCRETION 
FROM ZOOXANTHELLAE BY TISSUE 
HOMOGENATE OF GIANT CLAM 

K. Masuda, S. Miyachi and T. Maruyama. Marine 
Biotechnology Institute, Shizuoka. 

Mantle tissue homogenate of Tridacna 
derasa enhanced excretion of 
photosynthetically fixed carbon from freshly 
isolated zooxanthellae 10-15 fold for two hour 
incubation. The excretion stimulating activity 
against T. derasa zooxanthellae by the mantle 
homogenates was higher in bivalves belonging 
= Tridacnidae (T. derasa, T. crocea, T. maxima, 

T. squamosa, Le en) than in non- 
symbiotic bivalves (Mytilus edulis, Meretrix 
lusoria, Ruditapes phi eee) and 
gastropods (Umbonium giganteum, Turbo 

Igvr ma). The homogenate enhanced 
photosynthate excretion by free living algae 
belonging to Dinophyceae (Prorocentrum 
micans, Amphidinium carterae, and 
Heterocapsa triquetra), but did not enhance the 
excretion by free living algae belonging to 
Chlorophyceae, Cyanophyceae, Rhodophyceae, 
Prasinophyceae, and Haptophyceae. This study 
was performed as a part of The National 
Research and Development Program supported 
by New Energy and Industrial Technology 
Development Organization. 
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POSSIBLE INTERACTION BETWEEN BLOOD 
PROTEINS (HPs) SPECIFIC FOR HIBERNATION 
IN CHIPMUNKS. 

N.Kondo' and J.Kondo’. ‘Mitsubishi kasei Inst. of 
Life Sci., Machida, Tokyo, "Mitsubishi Kasei Corp. 


Res. Center, Yokohama. 

In our previous studies, hibernation-specific 
proteins (HPs: HP-20, -25, -27 & -55) identified in 
the blood of chipmunk (Tamias asiaticus), a 
mammalian hibernator, have been shown to exist as 
a complex in 140kDa GPC fraction (140GF). HP- 
20, -25 and -27 (HP-20s) are a novel family of 
proteins, whereas HP-55 is a new member of serpin 
superfamily. In the present study, the interaction 
between HPs in the blood of chipmunks was 
characterized. SDS-PAGE and immunoblot analysis 
of 140GF using antisera to HP-20s and -55 revealed 
that HP-20s form a complex of about 70kDa by S-S 
bonds. The HP-20s complex (HP-20C) further 
interacted with HP-55 by noncovalent bond. The 
free HP-55 was detected in GPC fraction other than 
140GF. By ion-exchange chromatography using 
Tris-HCl buffer (pH 8.5) with NaCl gradient, free 
HP-20C was separated from HPs fraction. These 
results suggest the possibility that HP-20C which 
usually interacts with HP-55 in the blood is 
dissociated from HP-55. The presence of spare HP- 
55 in the blood leads us to assume that HP-20C is a 
functional unit of HPs. 


ENERGY INTAKE AND BODY TEMPERATURE WITH 
AGING IN AN INBRED LINE DERIVED FROM THE 
HOUSE MOUSE, MUS MUSCULUS MOLOSSINUS. 
T.A.Nomaguchi. Dept. of Cell Biol., Tokyo 
Metropolitan Inst. of Gerontology, Tokyo. 
Changes in food and water intake, feces 
excretion, body temeperature and wheel 
activity with age(1-24 months) in the MUG 
molossinus mouse were examined. Food and 
water intake per g in body weight rapidly 
decreased from 1 to 6 months and were 
constant until 12 months, but decreased 
again in the later months. Feces excretion 
was higher in 1-3 months and constant in 
the later ages. Intake energy was about 
3.5kJ for both sexes in 1 month, 2.5kJ for 
male and 3kJ for female in 6-12 months, 
2k3 for male and 1kJ for female in 24 
months. Body temperature showed a daily 
periodicity and the mean was 38.5°C/1 mo., 
S75 °C/3I-NF Meo, SO9LC/18 wes, 3602 Se/ ae! 
mo., respectively. Body temperature under 
fasting condition for 15 hours in 18-9 
o'clock decreased from 2.2°C to 6.5°C for 
female in 1-18 months and then the temper- 
ature decline(C) per 50cm? in body surface 
area(S=15.8W°"*°®, Wsbody weight) and the 
age (M) were expressed as C=0.182M+2.217. 
Voluntary activity(counts/day) by a wheel 
(65cm in circumference) increased from 5x 
103/1 mo. to 20x10°?/6 mo. and decreased to 
2.5x107/24 mo., but showed the level of 10 
x10% in 1-12 months and 7x10% in 24 months 
under the fasting condition. As a result, 
energy consumption was closely related to 
support body temperature in the mouse. 
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LPS FEVER INDUCED IN PIGEONS. 
S. Nomoto. Dept. of Central Nervous System, Tokyo Metropol. 
Inst. Gerontol., Tokyo. 


It is well known that intravenous injection of the bacterial en- 
dotoxin (LPS: lipopolysaccharide) induces fever in mammals. 
However, little is known about the febrile responses of birds. 
van Miert and Frens (1968) reported that injections of endotox- 
ins isolated from E. coli bacteria led to a fever in chickens. 
Pittman et al. (1975) reported that injections of endotoxins iso- 
lated from Salmonella abortus equi \ed to a fall in body tempera- 
ture of chickens. D'Alecy and Kluger (1975) reported that injec- 
tions of the low doses of dead Pasteurella multocida \ed to fevers 
after a latency of about 3 hours, and that the injection of the 
higher doses of dead bacteria led to a statistically significant fall 
in body temperature of pigeons. The results of injections of the 
bacterial endotoxin are confusing in birds. So I reexamined the 
effect of intravenous injection of LPS in pigeons. 

Adult domestic pigeons (Columba livia) weighing 300-570 g 
were used. Body temperature (Tb) was continuously measured 
by using a biotelemetry system (DATAQUEST IV, Data Science 
Inc. USA). The bacterial endotoxin used in this experiment was 
the LPS of E. coli Serotype 0111:B4 (Sigma), which was dis- 
solved in sterile saline at concentrations of 0.2, 2, 5, 10 and 20 
vg/ml/kg. Throughout the experiment, ambient temperature was 
maintained at 23+1 °C. 

Intravenous injections of the LPS led to fever after a longer 
latency of about 90 min, compared with mammals (ca. 30 min). 
Varying doses produced a complex dose-dependent febrile re- 
sponse. Injection of pigeons with the LPS leads to long-lasting 
fevers compared with mammals. Following the injection of 20 
g/kg LPS, the pigeons develop a fever within the first 1 to 2 
hours and maintain this fever for about 2 days. The injection of 
10 ug/kg LPS led to a fall in Tb similar to that observed by 
Pittman et al. (1975). This fall in Tb was then followed by a 
fever. It is currently unknown what caused the initial fall. 


ANALYSIS OF INTRACARDIAC SHUNTING IN A 
TURTLE 

A.Ishimatsu! 5 J.W.Hicks2, N.Heisler?, 1Nomo 
ish. Stn., Nagasaki Univ., Nagasaki, 
Dept. of Ecol. Evol. iol., Univ. of 
California, Irvine, USA, ~Max-Planck-Inst. 
f. Exp. Med., Gottingen, FRG. 


Measurements were made for blood oxygen 
levels in the five central vascular sites, 
and blood flow rates in the left aorta and 
pulmonary artery to analyze distribution 
of the two atrial blood within the 
ventricle of Pseudemys scripta. Vagus nerve 
was electrically stimulated to elicit large 
variations in the blood flow ratio between 
the pulmonary and systemic circuits 
(Qp/Qs). As Qp/Qs increased, recirculation 
of systemic venous blood back into systemic 
circuit (right-to-left shunt) diminished 
and finally ceased at the Qp/Qs values of 
2-4, systemic circuit being perfused 
exclusively by the left atrial blood. In 
contrast, recirculation of pulmonary venous 
blood into pulmonary circuit enhanced 
considerably with higher Qp/Qs. Higher 
Qp/Qs was accompanied with larger 
differences in end-diastolic pressure 
(pulmonary < systemic) and timing of blood 
ejection in each cardiac cycle (pulmonary 
earlier than systemic). The latter probably 
caused translocation of blood within the 
ventricle, resulting in different patterns 
of intracardiac shunting in the turtle 
heart. 


SUPEROXIDE GENERATION IN VITRO IN LEPI- 
DOPTERAN LARVAL HAEMOLYMPH. 
T.Arakawa. Natl.Inst.of Sericul.and In- 


sect Sci.,Tsukuba. 


Measurements of nitroblue tetrazolium 
(NBT) and cytochrome c reduction in vit- 


ro in Pseudaletia separata larval haemo- 
lymph have been made spectrophotometri- 
cally. NBT reduction continued for about 
3.5 h in buffer-diluted haemolymph su- 
pernatant, and an addition of superoxide 
dismutase into the reaction mixture dep- 
ressed the reduction. Therefore, super- 
oxide anions were, at least partially, 
responsible for NBT reduction. A haemo- 
lymph heat treatment abolished the re- 
duction completely. The reduction rate 
depended on the haemolymph amount added 
to the reaction mixture. The experimen- 
tal results indicate that superoxide 
anions are generated in insect haemo- 
lymph enzymatically. Several aspects of 
superoxide productive reaction(s) in the 
haemolymph are discussed. 


EFFECTS OF Ca2+/CALMODULIN INHIBITORS ON THE 
REGULATION OF THE DENSITY OF SODIUM CHANNEL IN 
EMBRYONIC CHICK SKELETAL MUSCLE CELLS. 

R. Satoh, Y. Nakabayashi and M. Kano 

Department of Physiology, Kitasato University School 
of Medicine, Kanagawa 


Our recent studies have demonstrated that the chronic 
treatment with the blockers of L-type voltage- 
dependent Ca channel, such as D600 or nifedipine, 
caused a dose-dependent increase in the density of 
voltage-dependent tetrodotoxin-sensitive Na channel 
(VDNC) in embryonic chick skeletal muscle cells 
developing in culture. In the present study we 
demonstrated that the effects of the specific inhibitors 
of Ca?+/calmodulin system on the density of VDNC 
using an _ electrophysiological measurement of the 
maximum rate of rise of Na spike in cultured chick 
skeletal muscle cells. The increase in the density of 
VDNC induced by the chronic treatment with D600 was 
further enhanced by co-treatment with W-7, a 
Ca2+/calmodulin inhibitor. The chronic treatment 
with W-7 alone caused a dose-dependent increases in 
the density of VDNC. On the other hand, the chronic 
treatment with KN-62, a specific inhibitor of 
Ca2+/calmodulin-dependent protein kinase II, showed 
dual effect on the density of VDNC. These results 
suggest that the mechanism for regulating the density 
of VDNC is, at least in part, associated with 
Ca2+/calmodulin-dependent processes in embryonic 
chick skeletal muscle cells developing in culture. 
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FACTORS AFFECTING ANSERINE AND CARNOSINE 
LEVELS AND THEIR RATIO IN SKELETAL MUSCLES. 
M.TANAKA.Dept.of Physiol.,St.Marianna Univ. 
Sch.Med.,Kawasaki. 

To investigate the mechanism of changes of 
anserine and carnosine level and their 
ratio in the fast and slow twitch muscles, 
I examined the changes in the levels of 
both peptides and their ratio in skeletal 
muscles from rat and mdx mouse. The ratio 
of anserine to carnosine level increased 
with age in both the EDL and the SOL 
muscles of rat. It has been reported that 
carnosine level in rat skeletal muscle is 
decreased by chronic infection and 
ischiamic denervation without any change 
in the anserine level. However,the endur- 
ance training resulted in the decrease of 
both peptides levels ( especially the 
anserine level ) bringing about a decline 
of the ratio . Moreover,in muscle from mdx 
mouse carnosine level was drastically de- 
creased in comparison with normal ones 
bringing about an increase of the ratio in 
both muscles. These results suggest the 
difference of physiological characteris- 
tics of both peptides and not only the 
absolute levels of the dipeptides but also 
different ratio of them in skeletal 
muscles may be causes that both peptides 
regulate physiological phenomena. 


STUDY OF THE ACCOMMODATIVE NERVE-MUSCLE 
TRANSMISSION IN THE EYE OF A TELEOST. 

H. Kunioka and M. Fujimoto. Dept. of Biol. 
Sci., Fac. of Sci., Hiroshima Univ., 
Higashi-—Hiroshima. 


The accommodative mechanism of teleosts 
consists of a muscle, the retractor lentis, 
that moves the spherical lens when it 
contracts to change the distance between 
the lens and retina. Anatomical studies 
revealed that the muscle is innervated by 
the parasympathetic nervous system. The eye 
of bluegill (Lepomis macrochirus) was 
enucleated, set in a small perfusion 
chamber, and the direct effect of some 
reagents on the nerve-muscle transmission 
was studied. The movement of the lens was 
observed by binocular microscope as an 
index of the muscle contraction, which was 
recorded on video tape for later analysis 
Dy an image processor. Among the 
transmitter candidates (ACh, GABA, 
serotonin, glycine, glutamate, dopamine, 
noradrenaline), only ACh caused a lens 
movement. Muscarine elicited strong 
contraction of the muscle even in a low 
concentration while nicotine did not. The 
contraction was antagonized by atropine but 
not curare. These results verify the 
presence of the muscarinic-cholinergic 
innervation to this muscle by 
parasympathetic postganglionic fibers. 


A NEW MYOMODULIN-CARP-RELATED PEPTIDE 
ISOLATED FROM THE BUCCAL MUSCLE OF THE 
PROSOBRANCH MOLLUSC, RAPANA THOMASIANA. 
M.Fujiwara-Sakata, T.Ikeda*, Y.Muneoka and 
M. Kobayashi. 

Physiol. Lab., Fac. of Integrated Arts and 
Sci., Hiroshima Univ., Higashi-Hiroshima & 
*Suntory Inst. for Bioorganic Res., Osaka. 


Several neuropeptides were isolated and 
purified by HPLC followed by bioassays from 
the buccal muscle of Rapana thomasiana. 

One of them, Rapana myomodulin was a new 
myomodulin-CARP-related peptide. This 
peptide showed inhibitory action on twitch 
contraction of the radula retractor muscle 
of the animal at lower concentrations, but 
elicited contractions at higher 
concentrations. In the anterior byssus 
retractor muscle of Mytilus, however, the 
peptide showed the potentiating action in 
response to repetitive electrical pulses of 
stimulation at lower concentrations, and at 
higher than 10-6M, it showed the inhibitory 
effect. Localization of the peptide in the 
central nervous system and the radula 
muscle of R. thomasiana was examined 
immunohistochemically. Immunoreactive 
neurons were found on the left-rostral and 
middle-caudal surfaces of the buccal 
ganglia. The radula muscle also showed 
potent immunoreactivities. These 
histochemical results may support the idea 
that Rapana myomodulin has physiological 
actions in the regulation of buccal muscle 
movement. 


STRUCTURE-ACTIVITY STUDIES ON ENVERTEBRATE 
TACHYKININS ON COCKROACH HINDGUT AND 
GUINEA-PIG ILEUM 

T. Ikeda, H. Minakata and K. Nomoto. 
Suntory Institute for Bioorganic Research, 
Osaka. 


Recently, we isolated two novel 
tachikinin-related neuropeptides from the 
ventral nerve cords of the echiuroid worm, 
Urechis unicinctus, and termed them 
urechistachykinins, Leu-Arg-Gln-Ser-Gln- 
Phe-Val-Gly-Ser-Arg-NHo and Ala-Ala-Gly- 
Met-Gly-Phe-Phe-Gly-Ala-Arg-NH»+. Although 
these tachykinins have stimulated an 
increase in spontaneous contractions of the 
cockroach hindgut, they did not show any 
effects on the guinea-pig ileum. 

Conversion of Arg residue at their 
C-terminus to Met residue, which is a 
common C-terminal amino acid residue of all 
the vertebrate tachykinins, elicited potent 
excitatory action on the guinea-pig ileum, 
but resulted in loss activity on the 
cockroach hindgut. We synthesized many 
tachykinin analogues with Arg or Met 
residue at their C-terminus and examined on 
the guinea-pig ileum and cockroach hindgut. 
We revealed from the present results that 
the biological activities of these peptides 
are very much dependent on whether the 
C-terminal amino acid residue is Arg or 
Met. 


1. Ikeda T. et al., (1993) BBRC 192, 1-6. 
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NEURAL CIRCUITS OF CARDIAC REFLEXES 
TRIGGERED BY EXTERNAL STIMULI IN BOMBYX 
MORI. 

H. Ai and K. Kuwasawa Dept. of Biol., 
Tokyo Metropolitan Univ., Tokyo. 

In the 5th instar larvae of the silk- 
worm Bombyx mori, we recognized, at least, 
5 types of reflex cardiac responses to 
mechanical stimuli applied to the body. 
The responses are as follows. 

(1) Tactile stimuli to the clasper induced 
antidromic(backward) heartbeat. (2) During 
a period of occurrence of antidromic 

heartbeat, the same stimuli also accelera- 


ted it. (3) Furthermore, the same stimuli 
produced inhibition of orthodromic 
(forward) heartbeat. (4) Tactile stimuli 


to the antenna produced contraction of the 
alary muscles at the 7th abdominal segment 
(A7) to accelerate orthodromic heartbeat. 
(5) The stimuli accelerated orthodromic 
heartbeat without contraction of the alary 
muscles. 

Antidromic heartbeat was evoked by 
activation of the anterior branch of the 
frontal nerve(FN). Activation of the 
posterior branch of FN induced contraction 
of the alary muscles at A2 which resulted 
in acceleration of antidromic heartbeat, 
while the activation inhibited orthodromic 
heartbeat. Activation of the segmental 
nerve at A7 evoked contraction of the 
alary muscles which resulted in accelera- 
tion of orthodromic heartbeat. Activation 
of the segmental nerve at Al accelerated 
orthodromic heartbeat. 


CHOLINERGIC INNERVATION OF THE PERICARDIUM 
IN THE CHITON (LIOLOPHURA JAPONICA). 
S.Matsumurat, K.KuwasSawa and M.Kurokawa. 
Dept. of Biol., Tokyo Metropolitan Univ., 
Tokyo and +Dept. of Biol., Keio Univ., 
Yokohama. 

The pericardium of the archigastropod 
mollusc chiton has a myogenic nature to 
beat rhythmically. The pericardium 
receives dual innervation from the central 
nervous system. Pericardial beat was 
inhibited by acetylcholine (ACh), 
FMRFamide, catch-relaxing peptide. In 
order to elucidate mechanisms of neurally 
induced pericardial inhibition, we 
investigated effects of ACh on pericardial 
muscle cells and actions of cholinergic 
blockers on the ACh effects, using 
electrophysiological and pharmacological 
techniques. ACh exerted negative 
chronotropic and inotropic actions on the 
pericardium. When the pericardial beating 
was arrested, the membrane potential of 
pericardial muscle cells was always at 
more hyperpolarized levels than the 
maximum diastolic membrane potential in 
the pericardial cycle. The inhibitory 
effects of ACh on the pericardium were 
antagonized by the cholinergic blockers, 
d-tubocurarine (d-TC) and 
methylxylocholine (MX). Both d-TC and MX 
blocked inhibition of the pericardium in 
responses to nerve stimuli. These 
results indicate that neurally induced 
pericardial inhibition may involve a 
cholinergic mechanism. 
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CHOLINERGIC INHIBITORY INNERVATION OF THE 
CARDIOARTERIAL VALVES IN THE ISOPOD 
CRUSTACEAN BATHYNOMUS DOEDERLEINI. 

J. Okada and K. Kuwasawa. Dept. of Biol., 
Tokyo Metropolitan Univ., Tokyo. 


An anterior median artery, a pair of 
anterior lateral arteries (ALAs) and five 
pairs of lateral arteries (LA1-5) arise 
from the heart. The cardioarterial valves 
of ALAs and LAs, located at the origin of 
the individual arteries, receive inhibitory 
innervation of the valve nerves. ACh has 
been proposed to be the most potent 
candidate for the inhibitory transmitter of 
the valve nerves in ALAs (Kihara and 
Kuwasawa 1985). We examined innervation of 
the cardioarterial valves in LAs. 

ACh, muscarine, carbamylcholine and 
arecoline hyperpolarised valve muscle 
cells. Atropine, methylxylocholine, 
tetraethylammonium, 4-aminopyridine and 
quinine preferentially blocked inhibitory 
junctional potentials (IJPs). 
d-Tubocurarine exerted little effect on 
IJPs. Atropine and methylxylocholine also 
suppressed arterial pressure increased by 
valve nerve stimulation. Eserine increased 
IJPs in amplitude and time course. IJPs 
were not inverted in Cl” free saline. 

High K~ saline decreased IJPs in amplitude 
and low Kt saline increased. These may 
indicate that the inhibitory valve nerves 
in LAs are cholinergic, and that IJPs are 
mainly mediated by K* ions. 


CENTRAL ORIGINS AND FUNCTIONS OF EXTRINSIC 
CARDIAC NERVES IN THE STOMATOPOD 
CRUSTACEAN SQUILLA ORATORIA. 

H. Ando and K. Kuwasawa. Dept. of Biol., 
Tokyo Metropolitan Univ., Tokyo. 


The squilla heart has the intrinsic 
nervous system of the cardiac ganglion, 
while the heart receives extrinsic cardiac 
nerves. Those are the cardio-regulatory 
nerves which regulate heartbeat, and valve 
nerves (VNsS) which regulate tone of the 
cardio-arterial valves located at the 
origin of the arteries. We revealed 
central origins and functions of those 
nerves by means of neuroanatomical and 
electrophysiological techniques. 

One cardio-inhibitory nerve (CI) and two 
cardio-accerelatory nerves (CAl and CA2) 
were found to arise from the subesophageal 
ganglion (SEG). CI originates in the 10th 
root of SEG, and CAl and 2 in,respectively, 
the 16th and the 19th roots of SEG. 

The VN in the anterior artery, arising 
from the cerebral ganglion, constricted the 
valve. The posterior cardiac nerve (PCN) 
in the posterior artery and lateral cardiac 
nerves (LCN9-11) in the 9th-11th lateral 
arteries dilated the valves. LCN5 and LCN6 
originate in, respectively, the 22nd and 
the 25th roots of SEG. Each of LCN7-14 
originates in the 3rd root of their own 
segmental ganglia; the 6th-8th thoracic 
ganglia and the 1lst-5th abdominal ganglia. 
Both LCN15 and PCN run from the 3rd root of 
AG6. 
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INTERACTION OF EFFECTS OF PROCTOLIN AND 
TETRODOTOXIN ON THE HEART OF THE HERMIT 
CRAB, ANICULUS ANICULUS. 

T. Yazawal, K. Tanaka? and K. Kuwasawa!. 
1Dept. of Biol., Fac. of Sci., Tokyo 
Metropolitan Univ. and ?2Dept. of Biol., 
School of Med., Kyorin University, Tokyo. 


We studied the effects on the Aniculus 
heart of proctolin and tetrodotoxin (TTX). 
The effects were observed by means of 
recording intracellular potential from the 
myocardium, and intracellular and 
extracellular potentials from cardiac 
ganglionic cells. Force recordings from 
TTX(10-& M)-treated hearts showed that 
proctolin (10-® M) induced contracture or 
sometimes oscillatory rhythmic contraction 
which were superimposed on the contracture. 
In TTX saline, action potentials of small 
and large ganglionic neurons and myocardial 
cells were abolished and thus heart beat 
ceased, although the large ganglionic 
neurons Showed spontaneous rhythmic 
oscillation of membrane potentials. We also 
observed that TTX-treated myocardial cells 
could generate TTX-insensitive action 
potentials by intracellularly injected 
depolarizing current. The TTX-resistant 
potentials of the neurons or myocardial 
cells were abolished in Ca++-free and 
high-Mg+* saline. We found that, in TTX 
saline, proctolin enhanced both rate of 
rise and amplitude of oscillatory 
potentials of the large neurons, but did 
not induce Ca*++-mediated action potentials 
of the myocardial cells. 


CA-SPIKE POTENTIALS OF LOBSTER MYOCARDIAL 
CELLS: ITS MODULATORY ROLE FOR HEARTBEAT. 
T.Kuramoto and M.Tani-Shimoda Marine Res. 
Ctr.Tsukuba Univ.,Shimoda, Shizuoka 


Isolated hearts of the lobster Panurilus 

japonicus were cooled while myocardial 
membrane potentials and heart tension were 
recorded simultaneously. Cooling rates 
were 1-3°C/min within 5°C. Resting poten- 

tials of the single myocardial cells were 

about 60mV at room temperature (20 +1°C). 
The membrane potential decreased in pro- 
portion to the drop in temperature (1-2 
mV/ °C). In accordance with the depolari- 
zation, amplitude of excitatory junction 
potentials (EJPs) decreased. So that, the 

peak height of EJPs was almost constant 
with the change in temperature. In con- 
trast, slow depolarizing and spike poten- 

tials superimposed on EJPs became evident 

with cooling and were suppressed with 
Warming. Increased amplitude of the spike 

and following cardiac contraction depended 
on the magnitude and velocity of cooling. 

The large spike and the enhanced cardiac 
contraction were maintained for 10 or more 
minutes after rewarming. The induced spike 
potentials coul” be abolished by an appli- 
cation of cobalt ions (10-30 mM), which 
block Ca ion channels of excitable mem- 
branes. Therefore, inward currents of Ca 
ions via the myocardial membrane may in- 
crease despite of dropping temperature. 
Since the Ca currents can enhance cardiac 

contractions, the Ca-spikes developing on 

EJPs in myocardial cells of the lobster 
may function as modulators for the heart 
contractile activity. 


THE HEART BEAT OF TRIOPS LONGICAUDATUS 
(CRUSTACEA, BRANCHIOPODA) IS MYOGENIC. 

H. Yamagishi, H. Ando and T. Makioka. 
inst. Of Blol= Set.) Univ. sot, Tsukuba. 
Tsukuba. 


The heart of the fresh water tadpole 
shrimp Triops longicaudatus is tubular and 
is composed of a thin layer of heart 
muscle. No nerve cells were found in the 
heart by vital staining with methylene blue 
or by light microscopy of serial sections 
of the heart. 

The mechanisms of the heart beat were 
electrophysiologically examined in semi- 
isolated hearts. The results obtained were 
as follows. 1) Frequency of the heart beat 
ranged from 180 to 240/min. Each beat 
occurred associated with a oscillatory 
potential of the heart muscle. Amplitude 
of the oscillatory potentials ranged from 
15 to 30 mV and the maximum membrane 
potential during a beat cycle ranged from 
-50 to -60 mV. 2)The muscle cells coupled 
electrically with each other and excited 
synchronously. No particular portions which 
always excite first were found in the 
heart. Any parts of the heart partially 
tsolated exhibited oscillatory potentials. 
3)The beat rhythm of the heart was reset by 
a brief depolarizing or hyperpolarizing 
current injected into the heart muscle. By 
a longer hyperpolarizing current, the heart 
beat was stopped completely. From these 
results, we concluded that the heart beat 
of Triops is myogenic. 


BEAT FREQUENCY IN INTACT CORTICAL 
SHEETS FROM PARAMECIUM 

K. Fujita, T. Akazawa and M. Noguchi. Dept. of 
Biol., Fac. of Sci., Toyama Univ., Toyama. 


Cilia in intact cortical sheets from Paramecium 
caudatum were reactivated, when the sheets were 
perfused with reactivation solutions containing Mg- 
ATP. Beat frequency of the reactivated cilia was 
measured using handmade detector equipped with 
phototransistor. In the intact cortical sheets, the 
maximum ciliary beat frequency (34Hz) was 
recorded in the presence of 0.4mM phosphoarginine 
(PArg) and 0.5mM ATP. After demembration of 
cortical sheets by perfusing 0.04% Triton X-100, 
the maximum beat frequency was obtained only 
with 0.2mM ATP. Therefore, ATP concentration 
which was required for the maximum beat 
frequency of the cilia was estimated to be 0.2mM. 
Also, ATP concentration in the cilia was expected 
to be maintained above 0.2mM at more than 0.5mM 
of intracellular ATP concentration, if PArg, as well 
as ATP, was supplied from cell body to cilia. 

Cyclic GMP and cAMP increased the maximum 
beat frequency of cilia in the intact cortical sheets 
to 120% and 160%, respectively, in the presence of 
ATP which was enough to produce maximum beat 
frequency. This suggests that cGMP and cAMP 
regulate the ciliary beat frequency under constant 
ATP concentration. 
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CILIARY BEAT IN CORTICAL SHEETS FROM 
TRITON-EXTRACTED PARAMECIUM. 

M. Noguchi and M. Hiroto. Dept. of Biol., Fac. of 
Sci., Toyama Univ., Toyama. 


Direction of effective stroke and beat frequency 
of cilia in cortical sheets from Triton-extracted 
Paramecium (0.01% Triton) were examined. Cilia 
on the cortical sheets never beat and never caused 
water flows toward posterior of the cell even in 
the reactivation solution containing EGTA to make 
Ca” concentration low enough to produce forward 
swimming. The predominant beat direction of the 
cilia was around 10 o'clock, and the water flow 
direction was toward anterior. Micromolar cyclic 
nucleotides or above 20% glycerol was necessary 
for inducing ciliary beat toward posterior direction. 
Although free swimming cell models swam forward 
slowly in the low Ca” condition, the cell models 
swam backward slowly after further extraction 
with 0.05% Triton. Addition of cyclic nucleotides 
turned the swimming direction to forward again. 
These corresponded to the beat direction of cilia 
on the cortical sheet. In the presence of Ca” above 
iyM, cilia on the sheet beat toward 11 o'clock. 
Beat frequency was increased after further 
extraction with 0.05% Triton. In free swimming 
cell model, swimming speed increased extensively. 
The results suggest that cyclic nucleotides are 
necessary for ciliary beat toward posterior, and 
Ca~™ augments ciliary beat toward anterior. 


MECHANISM UNDERLYING CONVERSION OF AN ACTION 
POTENTIAL FROM A GRADED TYPE TO AN ALL-OR-NOTHING 
TYPE BY BA2+ IN PARAMECIUM CAUDATUM. T. Tominaga and 
Y. Naitoh Inst. Biol. Sci., Univ. Tsukuba, Tsukuba 305, Japan 


Paramecium exhibits a graded action potential in response to a 
stimulus or in spontaneity in a normal saline solution. The 
action potential is of an all-or-nothing type when Ba2+ is 
present in the external solution. To understand the mechanism 
of conversion of the action potential from a graded type to an 
all-or-nothing type, membrane current responses of 
Paramecium to a step depolarization were examined in both 
normal and Ba2+-containing solutions. A step depolarization 
evoked a transient inward current followed by a steady 
outward current in 1 mM Ca2+ solution. When 1 mM Ba2+ 
was added to the solution, similar step depolarization evoked a 
transient inward current longer than that before addition of 
Ba2+ and a following outward current became transient. The 
reversal potential level for the tail current observed upon 
cessation of a step depolarization during the transient inward 
current approximated the Ca2+ equilibrium potential, while 
that at the peak of the outward current approximated the Kt 
equilibrium potential. The Ba2+-mediated change in the 
current responses became more remarkable with increasing 
[Ba2+]. However, when [Ba2t] was increased concomitantly 
with an increase in [Ca2 “ so as to keep the ratio 
[Ba2+]/[Ca2+] constant, the Ba2+-mediated change was kept 
unchanged. The amount of Ba2*+ bound to the membrane is 
assumed to determine the degree of the Ba2+-mediated change 
in the membrane characteristics. 


DISTRIBUTION OF CHEMORECEPTORS TO 
QUININE ON THE CELL SURFACE OF 
PARAMECIUM CAUDATUM 

K. Oami and Y. Naitoh. 

Inst. Biol. Sci. Univ. of Tsukuba, Tsukuba. 


Distribution patterns of chemoreceptors to 
quinine in the membrane of P. caudatum were 
examined using a conventional electro- 
physiological techniques. A CNR mutant 
specimen produced an initial transient 
depolarization, a transient hyperpolarization and 
a sustained depolarization when the whole 
specimen was subjected to 1 mM quinine- 
containing solution. Deciliation of the specimen 
did not affect the characteristics of the quinine 
receptor potentials. A CNR specimen produced a 
membrane depolarization when quinine was 
applied locally to the anterior region of the cell 
body whereas it produced a membrane 
hyperpolarization when quinine was applied to 
the posterior region. Anterior half fragment of 
the CNR specimen produced a membrane 
depolarization whereas posterior half fragment 
produced a membrane hyperpolarization upon 
application of quinine. It is concluded that 
Paramecium possesses two kinds of 
chemoreceptors to quinine which distribute in 
different locations on the cell surface. 
Activation of the anterior receptor produces a 
sustained depolarizing receptor potential while 
activation of the posterior receptor produces a 
transient hyperpolarizing receptor potential. 


CONTROL OF CHEMOTAXIS IN AMOEBA CELLS 
OF THE CELLULAR SLIME MOLD, 
DICTYOSTELIUM DISCOIDEUM II. THE RATE OF 
TURNING IN A CONCENTRATION GRADIENT OF 
cAMP T. Tani and Y. Naitoh. 
Inst. Biol. Sci. Univ. of Tsukuba, Tsukuba 
Chemotactic behavior in the amoebae of a 
cellular slime mold, D.discoideum was examined 
under the influence of a steep concentration 
gradient of cAMP. When the amoebae, which 
moved in random direction in the reference 
solution, were subjected to a cAMP concentration 
gradient, most of them came to ascend the 
concentration gradient in a few minutes. To 
quantify the chemotactic response of amoebae, 
the turning rate was measured in 1) the amoebae 
ascending the concentration gradient and in 2) 
those descending the concentration gradient at 
the beginning of their subjection to the gradient, 
and compared with the turning rate of the 
amoebae in the reference solution. The turning 
rate of the ascending amoebae was far lower than 
that of the amoebae in the reference solution, 
while that of the descending amoebae was 
identical with that in the reference solution. 
When the direction of the concentration gradient 
was suddenly reversed the amoebae continued to 
move in the same direction as before for 2 to 3 
min, then began to show turning to orient toward 
the direction of the reversed concentration 
gradient. These data were discussed in relation 
to the mechanism for the cAMP-mediated 
aggregation of the amoebae presented by previous 
workers. 
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CELL-TO-CELL INTERACTION IN A COLONY OF 
THE VORTICELLID CILIATE, CARCHESIUM I. 

K Katoh and Y.Naitoh. Inst. of Biol. Sci., Univ. of 
Tsukuba, Tsukuba 


A colony of a sessile peritrich ciliate, Carchesium consists 
of many bell-shaped cell bodies and a dendritic stalk system. 
Each cell body is attached to the tip of each branch of the 
stalk system. The colony exhibits a contraction (i.e. coiling 
of the stalk system and shrinkage of the cell body) 
spontaneously or in response to mechanical stimulation. 
The primary objective of the present study is to examine the 
presence of interaction between individual cell bodies in a 
colony with respect to its mechanoreception and exhibition 
ofacontraction. When a localized mechanical stimulus, 
such as a brief touch with the tip of a microneedle, was 
applied to the surface of an individual cell body of a colony, 
only the stimulated cell and its daughter cells showed 
contraction and the rest of the cell bodies were remained 
extended. On the other hand, when a similar mechanical 
stimulus was applied to a certain individual cell body ofa 
colony, the whole colony showed a contraction. The 
threshold for evoking a contraction of the whole colony was 
identical with that for evoking individual cell body. This 
result suggests the presence of a leading cell in a colony 
from which informations about mechanoreception are 
transferred to other member cells of the colony. The oldest 
cell of a colony appeared to be the leading cell. 


TWO KINDS OF FLAGELLAR MOTILITY MUTANTS, 

MD-1 AND DR-1, in CHLAMYDOMONAS REINHARD- 
= 1 2 2 
K.Tomimatsu , S.Nakamura and M.K.Kojima . 


lpept. Biol., Dept. Environ. Biol. and 


Chem., Fac. of Sci., Toyama Univ., Toyama. 


We isolated two kinds of flagellar mo- 
tality mutants, MD-1 and DR-1, in Chliamy- 
domonas reinhardtii. MD-1 flagella could 
beat but their return stroke was somehow 
Similar to the power stroke, so that their 
bending pattern was nearly symmetric. More- 
over, asynchronous beating was observed 
frequentiy in this mutant. Therefore, 
ceils could not swim straight. However, 
when MD-1 cells were demembranated with 
0.4% Nonidet P40 and reactivated by addi- 
tion of 0.5 mMATP, they could swim straight 
like those of wild-type. DR-1 cells could 
not swim and showed very little flagellar 
movement, and their flagella could not be 
reactivated. Most flagella stopped at the 
initial position of the return stroke. 
Regeneration rate of their flagella was 
very slow and diverse. Electron microsco- 
py of thin section specimens showed no 
structural abnormalities in both of the 
mutants flagella. SDS PAGE revealed that 
MD-1 fiageila had no alterations, but DR-1 
flagella missed three bands with molecular 
weights of 62 kDa, 64 kDa and ~300 kDac. 
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NOVEL CHLAMYDOMONAS MUTANTS LACKING 
SUBSETS OF INNER-ARM DYNEIN HEAVY CHAINS. 
T. Katol.2, 0. Kagami, T. Yagi!.2, R. Kamiya2. Dept. of 
Molec. Biol., School of Sci., Nagoya Univ., Nagoya, and 
2Zool. Inst., Fac. of Sci.. Univ. of Tokyo, Tokyo. 

Cilia and flagella have two kinds of dynein arms, inner 
and outer. In Chlamydomonas, the outer arm exists as a 
single kind of assembly containing three heavy chains, 
whereas the inner arm exists as three or more different 
subtypes, each with different sets of heavy chains. The 
total number of inner-arm heavy chains is as large as 
eight. Such a complexity has greatly hampered studies 
on the inner arm dynein. To help understand the 
Structure and function of inner arm dynein, we have 
been engaged in isolation of mutarits that lack part of 
the inner arm. Most recently, we isolated two novel 
mutants, ida5 and ida6. Both were found to lack 
subsets of inner-arm heavy chains which, however. were 
different from those missing in other mutants. Anion 
exchange chromatography separates the inner-arm 
dynein of wild type into seven species, a-g. Previously 
isolated inner arm mutants, idal - 3 lack species f, and 
ida4 lacks a,c, d (Kagami et al.,1992). We found that 
ida5 lacks a, c, d, e, and ida6 lacks e only. Both ida5S 
and ida6 can swim slowly. The swimming velocity and 
the beat frequency were 70 um/s, 27-52 Hz (ida5), and 
70 um/s, 71 Hz (ida6), whereas those of wild type were 
155 um/s and 63 Hz (25 “C). These findings suggest 
that inner-arm subspecies e is not absolutely necessary 
for flagellar movement but has a role to increase motility 
in normal flagella. 


GRAVITAXIS OF SEA URCHIN LARVAE: CHANGES IN 
MECHANICAL PROPERTIES DURING DEVELOPMENT 
Y. Mogami, J. Ishii and S.A. Baba Dep. of Biol. 
Ochanomizu Univ., Tokyo 112. 


Gravitactic behaviour of sea urchin larvae changes in 
the course of morphogenesis. It is followed by the 
development of control mechanisms of propulsion 
(gravikinesis), which is fully attained at pluteus stage 
(Mogami, et al, 1988, J. exp. Biol., 137). In order to assess 
the mechanisms of ‘tactic’ behaviour, we investigated the 
properties of reorientation response due to gravity. Blastulae 
of H. pulcherrimus, exhibiting strong negative gravitaxis in 
normal sea water, swam preferentially downwards (positive 
gravitaxis) in a Percoll—containing hyperdensity medium, 
which makes immobilized larvae float. Plutei, however, did 
not change the sign of gravitaxis in the hyperdensity 
medium. Immobilized blastulae oriented downwards in 
hyperdensity medium in contrast to the upward orientation 
in normal sea water. Plutei, however, oriented upwards irre— 
spective of the density of external medium. These results 
indicate that the mechanical properties which may generate 
the static torque corresponding to the gravitactic orientation 
response of sea urchin larvae change in the course of 
morphogenesis; from those depending on the fore—aft 
asymmetry of larval morphology (blastula) to those on the 
nonuniform mass distribution within a body (pluteus). This 
may be a challenge to the conventional density—dependent 
mechanism for the gravitactic orientation of microorganisms. 
The same hydrodynamic properties as those of blastula was 
also demonstrated in the static orientation in Parameciwm. 
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MEASUREMENTS OF NEGATIVE GEOTACTIC TURN- 
ING RATE IN PARAMECIUM CAUDATUM: A CRITICAL 
COMPARISON BETWEEN 'GRAVIRECEPTION AND 
"VERWORN-ROBERTS' MODELS. 

S.A.Baba, J.Ishii and Y.Mogami. 

Dept. of Biol., Ochanomizu Univ., Tokyo. 


Paramecium possess behavioral mechanisms which 
enable them to migrate preferentially upwards (negative 
geotaxis). Curved trajectories during negative geotaxis have 
been interpreted on the basis of ‘physical’ model by fitting 
theoretical curves obtained from kinematic equations on 
torque balance (Fukui and Asai, 1985 Biophys. J. 47: 479- 
482). Although they considered the torque derived from 
separation of gravity and buoyancy centers first discussed by 
Verwor (1889, Psychophysiologische Protistenstudien) acting 
at the center of buoyancy around which hydrodynamic 
torque due to viscous resistance of the medium was assumed 
to act, Roberts (1970, J. Exp. Biol. 53: 687-699) suggested 
that separation between centers of buoyancy and 
hydrodynamic reaction may play a significant role in torque 
balance. We provided substantial evidence for Roberts’ 
argument (this volume). Thus, 'Verwor—Roberts' model can 
explain the form of curved trajectories during geotaxis. 
However, it predicts that the maximum rate of upward 
turing along the trajectory is lower for Paramecium with 
larger pitch angles, i.e. helical swimmers reorient upwards 
more slowly than straight swimmers, whereas it was entirely 
vice versa by our '‘gravireception' model proposed in the 
previous meeting (Mogami ef al., 1992 Zool. Sci. 9: 1218; 
Ooya et al., 1992 J. exp. Biol. 163: 153-167). Experimental 
measurements of the tuming rate were consistent with the 
prediction by the 'gravireception' model. These results imply 
that Paramecium are capable of more flexible gravity 
sensitive migration than has been imagined. 


A NEW TYPE OF MOTILE RESPONSE OF CILIA OF 
ECHINOPLUTEUS 


Y.Wada, Y.Mogami and S.A.Baba 
Dep. of Biol., Ochanomizu Univ., Tokyo. 


Previously, we demonstrated that dopamine reduced the 
forward swimming speed and induced backward swimming 
in plutei of Psuedocentrotus depressus (Mogami et al.,1992. 
Comp. Biochem. Physiol., 101C, 251-254).We analyzed the 
effect of dopamine on beat frequency and beat patterns of 
individual cilium. Dopamine reduced ciliary beat frequency 
and sometimes changed beat plane. When dopamine was 
added to external solution, cilia, beating posteriorly, changed 
beating plane gradually to the completely opposite direction. 
Ciliary beating induced by dopamine had the same as but 
mirror-image of the normal beating before stimulation. We 
call this type of new response as "“beat-plane turning 
response". It was completely reversible with removal of 
dopamine. Cilia maintained responsibility to electrical 
stimulation in the presence of dopamine. Electrical 
stimulation could induce ciliary reversal even after dopamine 
stimulation. The reversed beating had the same bend 
configuration as those of the reversed beating in the absence 
of dopamine, but occurred in the opposite direction to that 
of the beating prior to electrical stimulation. The beat 
directions of ciliary reversal "reversed" in the presence of 
dopamine. It was concluded that  beat-plane turning 
response is different from the so called reversal response. 
Cilia may regulate beat plane in addition to beat pattern. 


EFFECT OF OUTER DYNEIN ARM EXTRACTION 
AND RECOMBINATION ON THE VELOCITY OF 
MICROTUBULE SLIDING IN REACTIVATED SEA 
URCHIN SPERM FLAGELLA UNDER IMPOSED 
HEAD VIBRATION. 

C. Shingyojil, K. Yoshimural, D. Eshel2, I. R. 
Gibbons2, and K. Takahashi3. Zool. Inst., Fac. of 
Sci., Univ. of Tokyo, Tokyo, 2Pacific Biomedical 
Research Center, Univ. of Hawaii, U.S.A., and 


3Dept. of Biology, Int. Christian Univ., Tokyo. 

The flagellum of a sea urchin sperm whose head 
is held with a suction pipette and vibrated laterally 
beats in synchrony with the imposed vibration. We 
analyzed the velocity of microtubule sliding in 
Colobocentrotus atratus sperm reactivated at 1 mM 
ATP at various vibration frequencies. The apparent 
time-averaged sliding velocity, obtained as twice the 
product of frequency and bend angle, decreased with 
the beat frequency below the frequency of the 
unvibrated flagella (about 33 Hz) but remained 
unchanged when the frequency was equal to or 
higher than that of the unvibrated flagella. After 
high-salt extraction of the outer arms, the frequency 
of the unvibrated flagella decreased to about 18 Hz 
accompanied by a fall in the sliding velocity. The 
effect of vibration frequency on the sliding velocity 
was similar to that in the unextracted control, 
apparently indicating that the outer and inner arms 
are functionally similar. Recombination of dynein 1 
obtained from Tripneustes gratilla induced a partial 
recovery of beat frequency (25Hz) but the sliding 
velocity remained at the low value of the arm- 
extracted axonemes. 


HYDRODYNAMIC ESTIMATION OF THREE-DIMEN- 
SIONAL COMPONENT OF FLAGELLAR MOVEMENT OF 
SPERMATOZOA. 

S. Ishijima, M. S. Hamaguchi and Y. Hama- 
guchi. Biological Laboratory, Faculty of 
Science, Tokyo Institute of Technology, O- 
okayama, Meguro-ku, Tokyo. 


The spermatozoa with an axoneme of the 
9+2 structure have predominantly planar 
waves with varied three-dimensional compo- 
nents. Three-dimensional components of 
flagellar wave of sea urchin and bull 
spermatozoa were estimated from the hydro- 
dynamic calculations using the rotation 
frequency of spermatozoa and flagellar 
wave parameters obtained from the experi- 
ments. The flagellar waveform was repre- 
sented by a uniform elliptical helix for 
the sea urchin spermatozoa and by an 
elliptical helix in a conical envelope for 
the bull spermatozoa. The sperm head was 
represented by an ellipsoid for both sea 
urchin and bull spermatozoa. Viscous drag 
acting on the head and the flagellum was 
calculated by the method of Gray and 
Hancock (J. Exp. Biol. 32:802-814, 1955) 
with the drag coefficient modified by 
Lighthill (SIAM Rev. 18:161-230, 1976). 

The deviation from the major beating 
plane in sea urchin spermatozoa was below 
the resolution of a conventional light 
microscope. Bull spermatozoa beat with an 
elliptical cross section of which a ratio 
of the semiaxes was approximately 0.1. 
These agreed with the direct observations. 
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MOLECULAR SHAPE OF OUTER ARM DYNEIN IN BIDIRECTIONAL TRANSPORT IN SEA URCHIN 
CILIA AND FLAGELLA REVEALED ON THIN SEC- MADREPORITE 
TIONS BY ELECTRON MICROSCOPY. f K. Takahashi and T. Mito. Dept. of Biology, 
H.Mohri and M.Irie, The Univ. of the Air, International Christian Univ., Tokyo. 
Cree Recent studies by Tamori and Takahashi have 
in SHidl Game Gilleaarenas, he aortas indicated that the cilia lining each pore canal of the 
arm dynein of flagellar axoneme has sea urchin madreporite transport sea water inwards 
three-headed structure, whereas its (from the exterior to the interior of the animal) while 
mutant, oda ii, lacks of one head, a they carry relatively large particles in the opposite 
heavy chain. A distinct difference is ob- direction. With a view to elucidating the mechanism 
served in the shape of the outer arm on of the bidirectional transport through the pore canal, 
thin sections between them. On the other we have isolated the tube of soft tissue lining the pore 
hand, outer arm dynein molecules of sea canal of Hemicentrotus pulcherrimus madreporite 


urchin and mammalian sperm flagella have 
been known to be two-headed. Based on 
these facts, we examined the shape of the 
outer arms in cilia and flagella of 
various animals, which appeared on thin 


and perfused it with sea water in which beads of 
various sizes and electric charges were suspended. 
The movements of individual beads were observed 
under a differential interference contrast microscope 
and recorded on video tapes. Analysis of the data 


sections, by elecron microscopy. The * 

outer arms of Tetrahymena and Paramecium shows that the “inward” transport of water takes 
cilia were similar to that of wild type place along the periphery of the pore canal, while the 
Chlamydomonas, in accordance with their “outward” transport, by which only particulate 
biochemical data. In contrast, the outer matter appears to be carried, follows an axial path. 
arms of sea urchin, bivalve and mammalian Large particles (e.g., 1 zm beads) may enter the tube 
sperm flagella resemble that of oda 11 from the aboral (“outward”) opening of the tube and 
Chlamydomonas, indicating two-headed be carried for some distance along the periphery 
= eee outer arm Seen ne oerer before they are thrown toward the axis of the tube 
arm (°) e sea anemone, n opileura _ aia . 

mee ic chowed, the shave of oda 1d and ejected aborally. The ciliary mechanism for the 


bidirectional transport and its relevance to the 


Eye onnuntncsections. function of the madreporite are discussed. 


THE SLIDING OF FIBROUS SHEATH THROUGH THE SOME CHARACTERISTICS OF SPONTANEOUS CON- 
AXONEME PROXIMALLY TOGETHER WITH MICROTU- TRACTION IN RAT SINGLE HEART CELL. 

BULE EXTRUSION T.Tameyasu, Dept. of Physiol., St. Marianna 
Y. Si and M. Okuno. Dept. of Biol., Coll. Univ., Kawasaki. 

of Arts and Sci., Univ. of Tokyo, Tokyo. 

When the activated mouse sperm were ex- An intact single cell isolated from rat 
tracted with Triton X-100 and DTT at pH heart ehibits a contraction wave which 
9.0, the plasma membrane and mitochondria spontaneously originates at one end of the 
sheath of sperm flagella were removed. cell and propagates over the other as the 

These demembranated MS-free sperm result of a sequential Ca-induced release 
flagella were perfused with trypsin in the of Ca from the sarcoplasmic reticulum (SR). 
presence of Mg-ATP to induce the sliding Each sarcomere undergoes a twitch con- 
disintegration of outer doublet microtu- traction without development of an action 
bules from the axoneme. We observed that potential in the contraction wave. In this 
the fibrous sheath (FS) was pulled proxi- study, some characteristics of the spon- 
mally to the connecting piece from the taneous contraction (SC) were examined at a 
annulus of the sperm flagellum accompany- sarcomere level and compared with those of 
ing the extrusion of doublet microtubules the physiological, action potential medi- 
associated with outer dense fibers. The ated twitch (PT) at about 23°C. 

FS sliding was observed either in the The SC occurred at the shortening ve- 
presence of cAMP or in the spermatozoa locity of 3.74 + 1.25 wm/s/sarcomere (n=18), 
activated with BWW solution in advance. which was smaller than that of 5.35 + 2.30 
Thus, it is likely that the FS sliding pm/s/sarcomere (n=54) in the PT (P<0.01), 
occurs only in the activated flagella. with the maximum extent of shortening simi- 
Furthermore, the sliding velocity of FS lar to that of the PT. This result suggests 
was dependent on the concentration of ATP that the rate of Ca‘*t release from the SR 
but was lower than that of microtubules. is smaller in the SC than the PT. The SC 

The electron microscopy indicated that inhibited the twitch triggered electrically 
the doublets #5 and #6 extruded out from after the SC with an interval < 1s in an 
the axoneme preferentially when flagella interval-dependent manner as did the PT. At 
were exposed to trypsin and Mg-ATP. Thus, the interval of ~0.4 s, the time integral 
it is assumed that these doublets are the of shortening of the twitch after the SC 
strong candidates causing the FS sliding. was smaller than that after the PT (P<0.05), 


implying that a part of Ca** entering 
during development of an action potential 
is sucked up by the SR for the next twitch. 
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ACTIVE STATE OF MUSCLE: REVISITED. 
H. Iwamoto and H. Sugi Dept. Physiol., Sch. 
Med., Teikyo Univ., Tokyo. 


In 1949, A.V. Hill reported that a quick 
stretch of a muscle applied at the onset of a 
twitch enhances the active tension to the level 
of isometric tetanus. This result led him to the 
idea that the intensity of “active state” reaches 
a maximum immediately after the stimulus, and 
that the series elastic component (SEC) of the 
muscle allows the contractile element to 
shorten, resulting in a small tension usually 
observed in an isometric twitch. However, the 
tesults from single frog skeletal muscle fibers 
showed that the extent of tension enhancement 
depends on the speed of stretch. The stiffness of 
muscle fibers, usually taken to reflect the 
number of attached crossbridges, rose faster 
when a stretch was applied at the onset of a 
twitch. These results suggest that the tension 
enhancement is due to the change in the 
crossbridge turnover kinetics. The results are 
best explained if the conversion of crossbridges 
from non-force-producing to force-producing 
forms is accelerated by the stretch. Evidence is 
presented that the non-force-producing form is 
the AeMeADPePi species, which is expected to 
abound at the beginning of contraction. 


ESSENTIAL ROLE OF MYOSIN SUBFRAGMENT-2 IN 
CONTRACTION OF SKELETAL MUSCLE. 

T. Kobayashi and H. Sugi. Dept. of Physiol., Sch. of 
Med., Teikyo Univ., Tokyo. 


It is generally held that contraction in skeletal 
muscle results from rotation of myosin heads attached 
to the thin filaments, while myosin subfragment-2 (S-2) 
only serves as a passive spring through which the 
contractile force is transmitted between the thick and 
thin filaments. To explore possible role of S-2 in muscle 
contraction, we examined the effect of anti-S-2 
antibody, prepared in Dr. Harrington's laboratory, on 
contraction characteristics and ATPase activity of 
glycerinated skeletal muscle fibers with the following 
results: (1) the antibody produced a parallel decrease of 
Ca-activated isometric force and muscle fiber stiffness 
in a dose- and time-dependent manner; (2) the antibody 
did not affect the unloaded shortening velocity and the 
shape of force-velocity curve; and (3) Ca-activated 
ATPase activity of the fiber remained unchanged even 
when Ca-activated isometric force was reduced to zero. 
These results are taken to indicate that, when the 
antibody attaches to the S-2 region of a myosin 
molecule, its two heads still hydroilyze ATP at a normal 
rate on Ca-activation, but no longer participate in 
isometric force generation and no longer provide any 
significant internal resistance against fiber shortening. 
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ELECTRON MICROSCOPIC OBSERVATION OF THE 
ATP-INDUCED MOVEMENT OF MYOSIN HEADS IN 
LIVING THICK MYOFILAMENTS. 

H. Sugi!, T. Akimoto’, S. Chaen1, S. Suzuki’! and K. 
Sutoh2. ‘Dept. of Physiol., Sch. of Med., Teikyo Univ., 
Tokyo and 2Dept. of Basic. Sci., Coll. of Gen. Educ., 
Univ. of Tokyo, Tokyo 


The movement of myosin heads, coupled with ATP 
hydrolysis during muscle contraction, still remains to be 
unknown, To investigate the ATP-induced myosin head 
movement electron microscopically, we used an 
“environmental cell" (JEOL), in which living synthetic 
thick filaments prepared from rabbit skeletal muscle 
myosin were placed in a thin layer (less than 1um) of 
experimental solution (50mM KCI, 5mM MgClo, 25mM 
Tris-maleate, pH 7.1), which was maintained by 
constantly circulating water vapor through the interior of 
the cell. Colloidal gold particles (diameter, 15nm) were 
attached to the myosin heads with antibody directed 
against the junction between 50K and 23K segments of 
the heavy chain in the myosin head. The filament 
images were recorded with the imaging plate (Fuji) 
fitted to a JEOL 20kV electron microscope. On the 
iontophoretic application of ATP, the position of the gold 
particles, i.e. the position of the myosin heads, shifted 
by 10-30nm in parallel with the filament long axis, 
indicating the axial movement of each myosin head 
when it binds with ATP to form M-ADP-Pi complex. 


FORCE-VELOCITY RELATIONS IN SLIDING 
MOVEMENTS OF NATIVE THICK FILAMENTS 
ALONG F-ACTIN CABLES. 


N. Ishii!, T. Tsuchiya2, J. Inoue? and H. Sugi2, ‘Dept. of 
Sports Sci., College of Arts and Sci., Univ. of Tokyo and 


2Dept. of Physiol., Sch. of Med., Teikyo Univ., Tokyo. 

The force-velocity relations of muscle contraction reflect the 
kinetics of actomyosin crossbridges and are therefore thought to 
be essential for understanding the molecular mechanisms of 
muscle and non-muscle motilities. Recent development of in 
vitro motility assay systems has enabled us to examine directly 
the force-velocity relations of actomyosin crossbridges. Using a 
centrifuge microscope, we measured the velocities of active 
sliding movements of native thick filaments (length, ~ 20m) 
isolated from the anterior byssus retactor muscle of Mytilus 
edulis and attached to ploystyrene microbeads (diameter, ~ 
4um) along Chara F-actin cables, in the presence of various 
external loads. When the external force was applied against the 
sliding movement (‘positive' force), the force-velocity relations 
were substantially hyperbolic and described by Hill equation, 
whereas in the presence of the external force of opposite 
direction (‘negative' force), the sliding velocity increased with 
force beyond Vmax (maximal unloaded velocity). The present 
force-velocity relations are not in good agreement with those 
obtained for beads coated with rabbit skeletal myosin (Oiwa et 
al., 1990), notably in that the latter have shown the decrease in 
velocity with the increase in negative force. The reason for the 
discrepancy was interpreted in terms of the arrangement of 
myosin molecules in the vicinity of F-actin, which may be more 
highly ordered and less changeable as sliding proceeds in the 
native thick filaments. 
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EFFECTS OF ANTIBODY TO MYOSIN SUBFRAGMENT 2 
ON THE MOVEMENT OF MYOSIN-COATED BEADS ON 
eau CABLE i NUDED LORS SS 5 

. Tsuchiya : oue - Tanaka“, H. 
Soa and H. Sek faio1, erSic epee Cre 
Sci., Kobe Univ., Kobe and “Dep. Physiol., 
Sch. Med., Teikyo Univ., Tokyo. 


In muscular contraction, the ATPase 
activity and actin binding sites are 
localized in the S-1 region of myosin and 
S-2 has been thought to be only of minor 
importance. A recent work, Sugi et al. 
1992, however,clearly showed in glycerinat-— 
ed muscle fibers that anti-S2 antibody 
reduced force, though Mg-ATPase activity 
remained unchanged. This work was 
undertaken to investigate the physiological 
function of myosin S-2 by using anti-S2 
antibody in vitro assay system consisted of 
myosin-coated beads and actin cables in 
Nitellopsis. In the low concentration of 
the antibody, in which myosin-coated beads 
were treated, beads moved normally but the 
movement was slowed and then completely 
inhibited with the increase of the 
concentration of the antibody. The beads 
treated with the high concentration often 
displayed thermal movements with the 
tendency of unidirection. The centrifugal 
force to stop slowly moving beads with the 
effects of the antibody was much lower 
than in the control beads. These results 
showed that myosin S2 is necessary for the 
movement and the tension development in 
muscle. 


EFFECT OF Ni ION AND Mn ION ON THE NEURO- 
TRANSMITTER RELEASE FROM THE FROG NEURO- 

MUSCULAR JUNCTION 

N. Tanabe, Daiichi Hoiku Junior College, 

Dazaifu. 


Transmitter release from the frog 
neuromuscular junction is regulated by 
four components (fast and slow facilita- 
tion, augmentation and potentiation) in 
the low Ca ion and high Mg ion Ringer 
solution. It is well known that fast 
facilitaion was caused by the residual Ca 
ions at the active zone after the repeti- 
tive nerve stimulation. However, it is 
not clear what cause the other three 
components. Some proteins play an impor- 
tant role in exocytosis. These proteins 
may be directly or indirectly affected by 
some ions. 

Therefore, I checked electrophysiologi- 
cally whether some kinds of ions have an 
effect on the transmitter release or not. 
This time, I will report about the effects 
of Ni ion and Mn ion. These ions did not 
affect fast facilitaion. However, Ni ion 
increased the amplitude of potentiation 
after the repetitive nerve stimulation. 
And Mn ion depressed the other three 
components (slow facilitation, augmenta- 
tion and potentiation). 


PROTEIN KINASES MODULATE THE NEUROMUSCULAR TRANSWISSION 
IN THE RED MUSCLE OF PECTORAL FIN OF CARP. 
K. Kusano! , T. Hidaka? . Dept. of Biol., ‘Fac. of Sci. 


and 2Fac. of Gen. Edu. , Kumamoto Univ. , Kumamoto. 


A pectoral fin muscle of carp consists of the red 
muscle fibers. By stimulating the spinal nerve innerva- 
ting this muscle, three types of junction potential, 
excitatory junction potential (ejp), inhibitory junc- 
tion potential (ijp) and diphasic junction potential 
(diphasic jp) were recorded intracellarly from the 
neuromuscular junction. 

We examined the effects of the activator TPA and the 
inhibitor H-7 of protein kinase C (PKC) whether PKC 
contributed to the generation of these potentials. Three 
types of junction potential were enhanced by TPA, while 
suppressed by H-7. Miniature excitatory junction poten- 
tial (mejp) was observed in resting muscle. The frequen-- 
cy of mejp was decreased by H-7 but not influenced by 
TPA. And TPA, not {l-7, had influence on menbrane 
resistance. From the results, it was suggested that TPA 
acted on the postsynaptic region and H-7 acted on the 
presynaptic region 

From the previous study that cAMP enhanced ejp, it 
has been suggested that cAMP dependent protein kinase 
(PKA) related to its system. Therefore, the possibility 
of crosstalk between PKC and PKA might be thought. 


VESAMICOL BINDING PROTEIN AND Ca 
INDEPENDENT PROCESS IN THE FREQUENCY 
AUGMENTATION-POTENTIATION OF NEUROMUSCULAR 
TRANSMISSION. 

T. MAENO and K. ENOMOTO. Dept. Physiol., 
Shimane Med. Univ., Izumo. 


Synaptic transmission has regulatory 
mechanism for changes in various 
physiological conditions. Steady state 
analysis of the stimulation frequency 
dependent increase in the transmitter 
release during low frequency repetitive 
nerve stimulation, formerly termed the 
frequency facilitation and now renamed as 
the frequency augmentation-potentiation 
(FAP), has been the subject of controversy 
for decades whether this can be explained 
solely in terms of Ca hypothesis. FAP is 
a log-linear relation found between the 
mean quantal content of endplate 
potentials and the stimulation frequency. 
The slope constant of FAP relation (k) is 
little affected by experimental 
manipulations expected to alter the 
intracellular Ca concentration. However, 
k is susceptible to e-maleimidocaproic 
acid and picrylsulfornic acid, both 
membrane impermeant protein modifying 
reagents, and vesamicol and its benzyl- 
analogue, drugs known to bind with 
vesamicol binding protein (VBP) in the 
nerve terminal membrane. These suggested 
that VBP plays a regulatory role in Ca 
independent modulation of the evoked 
release of transmitter observed as FAP. 
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NEUROMODULATORY ACTION OF L-GLUTAMATE 
ON DISSOCIATED HORIZONTAL CELLS FROM 
CATFISH, Ictalurus punctatus. 

K.-I. Takahashi, D. B. Dixon® and D. R. Copenhagen®. 
Dept. Physiol., Keio Univ. Sch. Med., Tokyo and Depts. 
Ophthalmol. and Physiol., UCSF Sch. Med., San Francisco, 
CA, U.S.A. 


Horizontal cells exhibit a high-voltage activated, 
slowly—inactivating calcium current (HVA current) which is 
blocked by 100 uM nifedipine and 20 1M cadmium. To 
examine the effect of L-glutamate (Glu) on the HVA cur- 
rent, whole cell patch-clamp experiments were performed. 
Bath application of L—-glutamate (Glu) at concentrations of 1 
uM and 10 uM reduced the magnitude of HVA currents by 
12 + 5.6% (n=4) and 26 + 7.9% (n=7), respectively. Glu- 
induced reductions produced no apparent change in the 
voltage—dependence of the HVA current. At last year's 
meeting we reported that intracellular acidification reduces 
this HVA current without affecting the voltage—dependence, 
and that Glu acidifies horizontal cells in a dose-dependent 
manner. In order to test the hypothesis that Glu reduced 
HVA current via intracellular acidification, we dialyzed 
with a patch pipette solution containing a high concentration 
of pH buffer (25 mM HEPES or PIPES) and Glu no longer 
reduced HVA current. 

From these results and previous studies it is suggest- 
ed that Glu, the neurotransmitter released by photoreceptors, 
can have two actions on horizontal cells. Glu can excite 
these cells by activating ionotropic Glu receptors. It can also 
serve as a neuromodulator whereby it suppresses HVA 
current by raising the intracellular proton concentration. 


MODE OF NERVE SUPPLY TO THE CAT TONGUE: 
A REINVESTIGATION BY MEANS OF A WGA-HRP 
METHOD 

S. Kuchiiwa and T. Kuchiiwa. dept. of Anat. Fac. of Med. 
Kagoshima Univ. Kagoshima. 


The mode of parasympathetic and sensory nerve 
supplies to the cat tongue was investigated by means of a 
WGA-HRP (wheat germ agglutinin conjugated horseradish 
peroxidase) technique. 

When the tracer was injected into the anterior or 
posterior portion of the tongue, retrogradely labeled 
neurons were found in the otic, sphenopetrosal, lingual, 
chorda tympani, lingual nerve, ganglia, but not in the 
pterygopalatine, accessory pterygopalatine, pterygoid canal, 
tympanic, submandibular, or sublingual ganglia. The same 
injection labeled the neurons in the trigeminal, genicular, 
superior and inferior glossopharyngeal, and superior vagus 
ganglia, but not in the inferior vagus ganglion. 

These findings indicate that the cat tongue receives a 
dual parasympathetic innervation both from the facial and 
glossopharyngeal nerves, and a sensory supply from the 
trigeminal, facial, glossopharyngeal and vagus nerves. 


CHANGES OF SLEEP PATTERN AND BRAIN AMINO ACIDS 
IN CYCLOHEXIMIDE-TREATED ANIMALS. 

E.Uezu, Dept. of Home Econ., Coll. of Educ., 
Univ. of the Ryukyus, Okinawa. 


The suppressive effect of cycloheximide (CX, 
an inhibitor of protein synthesis) on paradoxi- 
cal sleep has been reported, but its physiologic 
mechanism remains to be elucidated. To date 
administration of prostaglandin D2 or noradren- 
aline to CX-treated rats failed to restore the 
amount of paradoxical sleep to the normal level. 
In the present experiment, the CX-treated mice 
were examined for changes of brain extracellular 
amino acid levels by in vivo microdialysis 
method combined with high-performance liquid 
chromatography with electrochemical detection. 

Male and female ddY mice were used. Under pen- 
tobarbital anesthesia(50 mg/kg,i.p.), electrcdes 
for polygraph recordings of clectroencephalo- 
gram, electromyogram, and electrooculogram, were 
implanted. A guide cannula for a dialysis probe 
was also implanted into the striatum. One week 
after recovery from surgery, a microdialysis 
probe (Eicom, BDP-1-4-01) was inserted into the 
striatum via the guide cannula. Two hour after 
probe implantation,dialysis sampling was start- 
ed. One hour after recording and sampling for 
control, CX (10 mg/kg, i.p.) was injected. A 
dialysate was collected every 30 min and amino 
acids were measured by PTC method. 

After the CX administration, extracellular 
amino acids(Asp, Glu, Gly, Ala) tended to increase, 
but responded poorly to stimulation by perfusing 
high-K containing Ringer’s solution. 


REGIONAL DIFFERENCE IN DENDRITIC PROPERTIES 
OF AN IDENTIFIED NONSPIKING NEURON IN 
CRAYFISH. 

M.Takahashi, A.Takashima and M.Takahata. 
Div. Biol. Sci., Fac. of Sci., Hokkaido 
Univ., Sapporo 060. 

Passive electrical properties of the 
dendrites of an identified nonspiking 
interneuron (LDS) was studied using intra- 
cellular recording and staining techniques 
in crayfish. 

The neuron was impaled by a glass micro- 
electrode loaded with the fluorescent dye, 
Lucifer Yellow (3% in 1M LiCl). The site of 
electrode impalement into the cell was 
visually confirmed under the dissecting 
microscope during intracellular recording 
by epi-illuminating the Lucifer-filled cell 
in situ with the blue light for excitation. 

The LDS neuron have a structure of a 
thick transverse arch-shaped main branch 
and extensively bifurcated branches. The 
impalement sites were divided into two 
categories, in or near the main branch 
(midline region), and distal to the main 
branch (peripheral region). 

The mean input resistance of midline 
region (8.8+4.2 MOhm) was significantly 
lower than that of the peripheral region 
(20.8+5.0 MOhm; P<0.01, t-test). The mean 
time constant of midline region (21.8+9.0 
msec) was shorter than that of peripheral 
region (42.3+8.9 msec; P<0.01). 

The results suggest that the LDS membrane 
of different dendritic region has different 
electrophysiological characteristics. 
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AMINERGIC NEURONS IN THE THORACIC ts pare eae BE ELECTRICAL RE- 
PONSES AND -CHANGES BY LIGHT ILLUMI- 
GANGLION OF FRESH WATER CRAB, POTAMON NATION IN PLANARIAN OCELLUS. 
DEHAANI : Katsu Azuma, Yoshiji Okazaki, Kazumi Asai 
N.Chiba and H.Okumura Dept.Chemical and Biological and Naohiko Iwasaki, Department of Biolo- 
Sciences. Fac. of Science, Japan Women's Univ.,Tokyo. gy, Osaka Medical College, Sawaragicho 2- 
= 5 41,Takatsuki, Osaka 569, Japan. 

In the thoracic ganglion of — oe ee The measurements of extracellular elec- 
dehaani,aminergic neurons were found. ost of aminergic trical response (ocellar potential, OP) 
neurons stained by neutral red were found in dorsal side of and ion-activity changes by light stimu- 
the thoracic ganglion. The large cells out of these neurons Sisce aie the ocellus of the planaria 

f Saher ; : ats Dugesia japonica) were carried out by 
ae 50 80 um a HERES. 25 SADNCE SIGs Stamnes col using a single-barreled microelectrode 
bodies were stained in dark wihtin a pale ganglion. From and a double-barreled ion-selective 
these results, it is suggested that these neurons stained microelectrode. 
by neutral red contain octopamine. The OP evoked by a flash light was a 


rding were made using microelectrodes simple monophasic potential, but there 
HISREELDEE ESD 8 was a sustained phase in the OP by the 


filled with 2M nickel chloride. EMG of the limb were long-term illumination. Maximum spectral 
simultaneously recorded using silver wire. In most cases, sensitivity of the OP was found about 
when the oethophageal nerve was stimulated, spike trains 500 nm light, which suggested that this 
were elicited followed by EMG in a neuron stained by OP was mediated by a rhodopsin-like 
: heetneduthal EMG visual pigment. 
neutral red. On the contrary it was 0 serbe a Ip the dark, the means of K*t-, Nat- and 
were elicited preceding spike train and spontaneous Ca‘**-activities in the interphotoreceptor 
movement of limb porduced spike train. These results space of the ocellus were 1.1 + 0.2 (S.E. 
suggest that activity of limb relate with these neurons. of the mean) mM, 59.8 + 3.1 mM and 0.8 + 
i 2 4 = 0.1 mM, respectively. 
It has been reported that in arthropod aminergic neuron A flash light evoked the increase of Kt- 
play an important role as modulator in changing behavior activity and the decreases of Na‘- and 
pattern. In Potamon dehaani, they keep a stand still posture Ca“t-activities in the interphotoreceptor 


for a time before escape reflex. It is thought that aminergic space. This result suggests that the 
: : A - planarian photoreceptor induces an in- 
neurons in the thoracic ganglion of Potamon dehaani are crease in Na*-conductance of the membrane 
concemed in this behavior by a light stimulation, resulting in an 
influx of Na*, Ca oe and an efflux of kt. 


THE COMPARISON OF PIGMENT-DISPERSING CONFORCAL LASER MICROSCOPIC STUDY FOR 
HORMONE-LIKE IMMUNOREACTIVE NEURONS IN CALCIUM IMAGING IN THE EARTHWORM GIANT 
NORMAL FRUITELIES (DROSOPHILA MELANOGASTER), AXON. 


H. Ogawa, K. Oka and S. Fujita. 


VISUAL MUTANTS AND CIRCADIAN ARRHYTHMIC 
= ; FUJITSU LABORATORIES LTD. 
S. Shiga, and T. Yamaguchi, Dept. of Biol., Fac. of Sci., Calcium ion (Ca?*) is the most important and ubiquitous 
Okayama Univ., Okayama. second messenger regulating intracellular biochemical 
events in the nervous system. Combination of conforcal 
In normal fruitflies (Drosophila melanogaster) a pair of laser-scanning microscopy and fluorescent calcium 
; - ; ay P indicator gives dynamic images of Ca™* regulation in 
pigment—dispersing hormone-like immunoreactive (PDHLI) different neuronal organization, for instance, cell bodies, 
cell clusters is detected at the anterior base of the medulla in axons and dendritic trees. We measured intracellular free 
the optic lobe. The fibers laterally project in the distal layer of Ca™ concentration in the medial (MGF) and lateral (LGF) 
- ; : sie es giant axons in a ventral nerve cord of the earthworm 
the medulla and medially run in the posterior region of the Eisenia foetida, with a new visible light-excitable Ca’ 
optic tract. Another collaterals arborize in the lateral indicator, ‘Calcium Green 1’. Line scanning was used to 
rotocerebrum above the mushroom bod uncle. show followings. _ : 
Peat al ts exhibit PDHLI ve an as 1) Electrical tetanic stimulation (amplitude:5 V, frequency 
eee geo Aros = De UTONS With 0, crastic :200 Hz, pulse duration:200 psec) applied to the nerve 
changes from those in normal flies: eyg and so which have cord produced calcium waves that local [Ca*’] elevating 
neither the retina nor the lamina, lateral fibers bear small areas moved along the giant axon. — : 

Ea : : f a ‘ 2) These calcium waves were classified into the faster 
projection in the anterior portion of the medulla, and in mnb one (maximum speed : 1.0-2.0 1m /sec) and the slower 
and mnbso where hypoplasia occurs in the medulla, the sparse one ( <0.5 m/sec). ; : 
fibers go to the lamina neuropil, though no immunoreactivity 3) The waves could advance to both anterior and posterior 
eee the anni f | fruitfly. The PDHLI ends regardless of the stimulus direction. 

SAE Oe Foie ae eae eee : 4) Termination or inversion of the electrical stimulus 
neurons in per? show no significant difference in modulated the advance direction and velocity. 
morphological profile from those in normal fruitflies. 5) During the continuous electrical stimulation, the calcium 


These results suggest that PDHLI neurons are basically Heri coc Rie BE SON IM) Saw WEWES Win 


independent of the structural organization of the optic lobe, These observations suggest that calcium waves may play 


and PDHLI neuron system may have no direct relation to the an important role for the signal transduction in the 
circadian oscillator. earthworm giant axon. 
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FINE STRUCTURE OF GENITAL ORGAN AND THEIR 
INNERVATION FROM TERMINAL GANGLION FOR 
SPERMATOPHORE FORMATION IN MALE CRICKET, 
Gryllus bimaculatus. 

H.Koga and N.Ai.Inst.of Biol.Sci. ,Tokyo 
Gakugei Univ. ,Nukui-kita, Koganei, Tokyo. 

On adult male cricket,epididymis, accessory 
gland and phallic muscle are required for 
spermatophore formation and spermatophore 
protrusion.Especially,epididymis and acces- 
sory gland fill the role of supply and se- 
cretion of a certain material,and this se- 
cretory substance is transported into the 
capsule of spermatophore with sperm for pre- 
paration of copulation.Accessory gland is 
combined with different four tubles which 
are filled up different substance as the 
element of spermatophore formation.And this 
gland seems to be innervated by terminal ab- 
dominal ganglion(AG-V).The gland may be con- 
trolled with dorsal and ventral unpaird me- 
dian neurons located on the surface of AG-V, 
especially, sent by the 9th-2(N9-2) lateral 
fine branch of the 9th root(N9) from AG-V. 
These unpaird neurons may contain monoamine 
as the control and mediation substance of 
activation on genital organs. In this exper- 
iment,fine structure and histofluorescence 
observation are performed using by electron 
microscope and fluorescent microscope method. 


DISPLACED GANGLION CELLS IN CARP RETINA: 
MORPHOLOGY AND PHYSIOLOGY. 

Y.Sakaki , M.Yamada* , and T.Saito. Inst. 
of Biol. Sci. Univ. of Tsukuba, Tsukuba. 
*Electrotec, Lab., Tsukuba. 

There are two types of minority ganglion 
cells; displaced ganglion cells (DGCs) 
whose somata located in the inner nuclear 
layer and inner plexiform layer ganglion 
cells (IPLGCs) whose somata in the inner 


plexiform layer (IPL). To analyze the 
spacial distribution and the dendritic 
arborization of these cells, ganglion 


cells were labelled by using the re- 
trograde transport horseradish peroxidase 
(HRP) injected into the optic tectum. 
Following fixation, HRP-labelled DGCs and 
IPLGCs were intracellularly injected with 
Lucifer-Yellow. DGCs were distributed 
throughout the retina, but often tended to 
be more number in the peripheral retina 
(about 2% of the total number of ganglion 


cells). DGCs had somata ranging from 10u 
to 40nu. Their dendrites were classified 
into at least two patterns, highly 


branched dendrites with numerous varicoses 
along their way and wide-spreading, 
sparsely branching dendrites with few 


varicose. Dendrites of all these cells 
ramified within the outer portion of the 
IPL. Intracellular recording and dye- 


injection experiment demonstrated that 
these cells were off-type ganglion cells. 
IPLGCs had more variability in the level 
and size of soma and dentritic 
arborization than those of DGCs. 
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In Situ Activities of Thoracic Stretch Receptors in 
Ligia exotica with Reference to Segmental Positions 
A. Niida, Y. Takatuki, and T. Yamaguchi. Dept. of 
Biol., Fac. of Sci., Okayama Univ., Okayama 


In Ligia voluntary movements, flexion and extension, 
of the thoraco-abdominal segments are encountered 
under a specific circumstance. This behavior is thought 
to be coupled with a water conducting system 
(Parry,1953), where water is taken up by the capillary 
action of the pleopods and extra water is drained by 
touching their styles to the ground. Left and right 
flexion of the thoraco-abdominal segments also can be 
observable; When restrained in the anterior part of the 
thoracic segment, the animal struggles to get free from 
such a condition. The present study was made in 
considering these behaviors. Flexion and extension 
were imposed ventral side up with a vibrator device 
which was driven by ramp-and-hold pulses. As a 
result, abdominal imposed flexion induced tonic and 
phasic activities in the stretch receptors of the last 
thoracic segment, and extension produced less lower 
impulse frequency than in the case of flexion. On the 
other hand, ipsilateral flexion of the abdomen, flexion 
to the same side as recordings were made, evoked no 
responses. Altematively, contralateral flexion gave 
pronounced tonic and phasic responses. 


STUDY OF SENSORY SIGNAL 
TRANSFORMATION IN CERCAL SENSORY 
NEURON BY WIENERS WHITE - NOISE 
ANALYSIS. Y. Baba, T. Kumagai, T. Shimizu, 
H. Masuda, T. Akazawa, T. Ohta and T. 
Shimozawa. Neuro-Cybernetics Lab., Res. 


Inst. Electron. Sci., Hokkaido Univ. Sapporo. 


Signal encoding in cercal sensory 
neurons were studied by using Wieners 
white noise analysis. Cercal sensilla and 
sensory neurons were stimulated by an air 
current or an electrical current modulated 
with a Gaussian white noise. Band width of 
the white noise was 500Hz. The hair 
movement was measured by the laser 
doppler velocimeter and the response was 
intracelluraly recorded with a microelectrode. 
Linear and 2nd order Wiener kernels are 
calculated from the stimulus and the spike 
train response. The system is equivalent as 
a cascade connection of a linear filter 
followed by a memoryless’ nonlinear 
element. 

Nonlinear element represents sigmoid 
pulse density encoder, which converts spike 
train depending on the generator potential. 
Linear filter represents signal 
transformation from air current to generator 
potential. The linear filter must be divided 
into two filters. The first one is mechanical 
filter translating the air current into hair 
movement and the second is sensory cells 
transducing hair movement into generator 
potential. 
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Sensory adaptation in a cricket 
mechano-receptor revealed by white 
noise stimulus. 

T. Kumagai, Y. Baba, T. Shimizu, H. Masuda, T. 
Akazawa, T.Ohta and T. Shimozawa. 
Neuro-Cybernetics Lab., Res. Inst. Electron. Sci., 
Hokkaido Univ. Sapporo. 


Signal encoding mechanism of air-current 
receptors of the cricket Gryllus bimaculatus 
was Studied by using Wiener's white noise 
analysis. Sensory neurons were stimulated 
by a Gaussian white noise as air current 
applied to cercal sensilla or electrical current 
injected into the neurons. Spike train was 
recorded intracelluraly with a microelectrode. 
The mechano receptor system is revealed 
as a cascade of linear filter followed by 
memoryless nonlinear pulse-density encoder. 
Input-output characteristics of the nonlinear 
pulse-density encoder was _ successfully 
estimated by the Wiener's method. 

We found that sensitivity of the nonlinear 
encoder changes widely, depending on stimulus 
intensity. Thus, the sensory mechanisms 
including wide-range adaptation is clarified. 


GATED CURRENTS IN DISSOCIATED 
PROTOCEREBRUM NEURONS OF THE 
ADULT COCKROACH. 

X.-S. Zhang and J. Inouchi. Lab. of Neurophysiol., 
Dept. Insect Physiol. & Behav., Nat'l Inst. Seri. and 
Entom. Sci., Tsukuba, Ibaraki 305, Japan. 


In protocerebrum the centers of multimodal 
integration in the insect CNS reside. They receive 
polysynaptic input from visual, tactile, auditory and 
gustatory relay neurons as well as olfactory 
projection neurons of the antennal lobes. A 
prerequisite for understanding the transmission of 
electrical impulses in the brain is a clear description 
of membrane properties and underlying ionic 
currents of the neurons. The responses of dissociated 
neurons resemble that in vivo. 

The neurons from the protocerebrum of adult 
cockroach (Periplaneta amaericana) wete isolated by 
enzymatic and mechanical method. Pronase 0.5 
mg/ml and thermolysin 0.5mg/ml were used. We got 
dissociated neurons with rest potential in the range 
of -40 mV to -70 mV. Under whole cell patch clamp 
voltage-dependent currents could be separated into 
two ionic components in Kenyon cells and most of 
extrinsic neurons: a sustained inward calcium 
current, and an outward potassium current. Spikes 
were recorded in some extrinsic neurons with 
current clamp. 


Spatio-temporal Optical Imaging of Neuronal 
Activity Pattern in the Brain of the 
Cockroach in vivo. 

J. Chen and J. Inouchi, Lab. of Neurophysiol., Dept. 
Insect Physiol. & Behav., Nat'l. Inst. Seri. and 
Entom. Sci., Tsukuba, Ibaraki 305, Japan. 


The spatio-temporal sequences of neuronal response 
on intact brain of cockroach ( Periplaneta americana ) 
to electrical and olfactory stimulation of antennal 
primary afferents were optically imaged in vivo using 
voltage-sensitive dye RH414 or RH795 ( 2 mg/ml ) 
and photodiode array with 128X128 pixels in spatial 
resolution and time resolution of 0.6 msec. Electrical 
stimulation, 300 ys duration and 3-5 times of 
threshold in intensity to antennal nerve, evoked 
response initially in ipsilateral deutocerebrum, then 
spread to contralateral deutocerebrum and ipsilateral 
protocerebrum. Most of the excitative analog signal 
examined from the 16,384 sites showed a fast rising 
phase and a slower return to the baseline about 30 ms 
in duration. The result indicates functional relation 
between ipsilateral- and contralateral deutocerebrum. 
More definite response patterns were elicited by 200 
ms odor presentation of n-nonanol or n-octanol at a 
dilution of 10-3 (v/v) to the antenna which indicates 
that the odor stimulation yielded a spatially restricted 
activity. 


PROPERTIES OF DUAL EXCITATORY INNERVATION OF 
THE UROPOD ADDUCTOR MUSCLE IN CRAYFISH. 

T. Higuchi. Dept. Gen. Edu., Higashi-Nippon-Gakuen Univ., 
Ishikani-Tobetsu, Hokkaido. 

It has been suggested electrophysiologically that the crayfish 
(Procambarus clarkii ) uropod adductor muscle, adductor exo- 
podite, is innervated by two excitatory motor neurons, and each 
neuron exits from the sixth abdominal ganglion through different 
individual roots, such as the second and the third one (Higuchi, 
1992). This was confirmed in this study chiefly by means of 
cobalt and/or nickel staining of individual motor neurons. The 
neurons of the second root and the third root were filled simul- 
taneously with cobalt and nickel toward the muscle, respectively. 
Subsequent development with rubeanic acid distinguished clear- 
ly two axons with different colors on the-muscle. Two axons run 
parallely throughout most of the muscle area, suggesting no 
regional difference of the innervating area. Cell bodies and the 
dendritic field of the two motor neurons in the ganglion were 
stained by backfills with nickel from the extremely distal cut end 
of motor neurons together with the muscle fragment. Subse- 
quent silver intensification showed the neuronal profile of the 
two motor neurons within the ganglion and individual root. 
Although the size and position of the cell bodies of the two 
motor neurons were not necessarily similar, the dendritic fields 
seemed to be almost overlapping. Electrophysiologically, each 
motor neuron showed a different synaptic action on the muscle 
fiber. Postsynaptic events induced by the motor neuron ongi- 
nating from the second root was constant, while the action ongi- 
nating from the third root was that of apparently rapid fatigue. 
The biological meaning of the different course and action of the 
adductor exopodite motor neurons needs to be resolved. 
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THE STRUCTURAL BASIS OF SEGMENTAL GRADIENTS 
OF SYNAPTIC STRENGTH IN THE CRAYFISH ABDOMEN 
H.Nakagawa' and B.Mulloney’ ' Fac. of Computer Science and 
Systems Engineering, Kyushu Inst. of Technology, lizuka 
*Dept. of Zoology, University of California at Davis, U.S.A. 

In crayfish, Pacifastacus leniusculus, each of 20 abdominal 
stretch receptor (SR) axons projects to the terminal abdominal 
ganglion and there synapses with several target neurons. Some 
motor neurons have segmental gradients of PSPsize. Therefore, 
if the target motor neuron can be identified, this system will 
address the fundamental question: What is the relation of 
synaptic structure to synaptic strength? 

Each SR was activated by the electrical stimulation of the 
second nerve of each abdominal ganglion. PSPs from each of 
SRs were examined in the cell bodies of target neurons. We 
found that Flexor Inhibitor 6 (FI6) is suitable for this purpose. 
FI6 can be easily identified and has unique segmental gradients: 
PSPs from SR axons originating in middle segments are larger 
than those from anterior or posterior SR axons. We filled both a 
FI6 and each of SRs simultaneously with neurobiotin tracer. 
The number of putative synaptic contacts were evaluated under a 
light microscopy and correlated with the relative strength of the 
PSPs.The results show that large EPSPs result from a large 
number of synaptic contacts made by the SR. 


IDENTIFICATION OF THE COLD RECEPTOR AXONS 
AND THE TERMINAL GLOMERULI IN THE 
ANTENNAL LOBE OF THE COCKROACH. 

M. Nishikawa,, F. Yokohari and T. Ishibashi. Dept. of Biol., 
Fac. of Sci., Fukuoka Univ., Fukuoka. 


The antennae of the cockroach, Periplaneta americana, bear 
two types of cold receptive sensilla. One type (CH) 
includes four receptor cells: a cold, a dry, a moist, and a 
modality unknown cells. The other type (CO) includes a 
cold receptor cell and three olfactory receptor cells. We 
examined the central projections of the receptor axons in 
each type of cold receptive sensillum. Terminal profiles of 
the four axons from CH sensillum were as follows. One 
axon ran along three glomeruli lined up in the ventro- 
posterial and marginal region of the antennal lobe, and 
made a long brush-like cluster of arborizations in each 
glomerulus (CH-1). The second ran along three glomeruli 
lined up in the ventro-posterial and lateral region of the 
antennal lobe (CH-2), and the third innervated two glomeruli 
located in the ventro-posterial region and the ventro-central 
region of the antennal lobe, respectively (CH-3). The last 
one had several branches in the dorsal lobe, one of which 
terminated in the suboesophageal ganglion, and others of 
which ended in the lobe (CH-4). The terminals of four 
axons from CO sensillum were as follows. The profile of 
one axon (CO-1) appeared identical to that of (CH-1). 
Each of other axons had short brush-like arborizations in a 
glomerulus different from one another in the ventro-anterior 
and medial region of the antennal lobe (CO-2, 3, 4). In 
addition, (CH-1) and (CO-1) have very similar profile of 
axonal terminals each other, and innervate the same 
glomeruli. Therefore (CH-1) and (CO-1) must be the cold 
receptor axons. In the same context, (CH-2) and (CH-3) 
are putative hygroreceptor axons, and (CO-2), (CO-3) and 
(CO-4) are putative olfactory axons. 


ULTRASTRUCTURE OF DUM NEURONS IN THE 
LAST ABDOMINAL GANGLION OF FEMALE 
CRICKET, TELEOGRYLLUS COMMODUS. 


T. Ail , K. Terakado2 and M. Ogawa3 


1 Grad. sch. sci. Eng., 2 Dept. Reg. Biol., 
Fac. Seci., and 3 Grad. Sch. Poli. Sci., 
Saitama Univ., Urawa, Saitama. 


We have previously reported that five 
clusters of DUM neurons in the female 
cricket are oriented on the dorsal 
surface of the last abdominal ganglion 
and the DUM neurons of the fifth cluster 
(C1-5) innervate to the common oviduct 
and the ovipositor muscles. During the 
last larval instar(LLI) stage to the 
adult(AD) stage when the oviduct and the 
ovipositor muscles have well developed, 
these DUM neurons are stained 
specificaly by neutral red, indicating 
the monoaminergic neuron. 

In this experiments, we examined the 
fine structure of the DUM neurons of the 
Cl1-5 during the LLI stage to the AD 
stage with electron microscopy. The rER 
and the Golgi apparatus have highly 
developed. A number of granules appeared 
around the Golgi apparatus of the AD 
neurons. 

These results suggest that the neuro- 
secretory substances are synthesized and 
stored in the DUM neurons during the 
LLI stage to the AD stage. 


INNERVATION OF MOTOR NEURONS AND DUM 
NEURONS IN THE OVIDUCT OF FEMALE 
CRICKETS 

B.Chen and T. Yamaguchi. Dept. of Biol., 
Fac. of Sci., Okayama Univ., Okayama 


In female crickets (Gryllus bimaculatus) 
the oviduct is innervated by 7-8 pairs of 
motor neurons and 9 dorsal unpaired median 
(DUM) neurons, both of which are running 
from the terminal abdominal ganglion (TAG) 
through a pair of the 2nd nerve roots. The 
somata of DUM neurons present separately in 
three clusters within the TAG, and each 
cluster send the axons to its own region in 
the lateral oviducts. Motor neurons project 
to the common oviduct and/ or the lateral 
oviduct. 

In the majority of intact preparations, 
the rhythmic bursts of motor neurons on one 
side occurred synchronously with those on 
the opposite side. However, in the 
preparations whose the nerve cords were cut 
between the TAG and 4th abdominal ganglion, 
the rhythmic bursts (0.4 - 0.6 Hz) of motor 
neurons on both sides were antagonistic to 
each other. When the DUM neurons were 
stimulated, the basal tonus of the lateral 
oviducts was potentiated and the frequency 
of myogenic contractions was significantly 
increased. When the 4th or 6th nerve root 
containing the sensory nerves on _ the 
ovipositor was stimulated, the firing 
frequencies of DUM neurons were increased, 
and the rhythmic bursts of the motor neurons 
were transiently suppressed. 
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THE NEURONAL COMPONENTS OF THE CRICKET BRAIN 
AS STUDIED BY SINGLE NEURON ANALYSIS. 

T. Matsuura, Y. Sonoda and T. Yamaguchi. 
Dept. of Biol., Fac. of Sci., Okayama Univ., 
Okayama. 


Brain neurons in the cricket (Gryllus 
bimaculatus) were intracellularly recorded 
and stained with Lucifer Yellow. So far 
investigated, sixty-three neurons were 
identified. They range from local 
interneurons (LIs) to complexly reacting 
multimodal interneurons. Visually reacting 
neurons fall into two main classes: one 
class (two Lis, one descending neuron [DI] ) 
reacts to change in light intensity, and the 
other (one LI, two DIs) responds to moving 
objects. Auditory interneurons reacting to 
sound pulses (less than 30 kHz) fall into 
three morphological classes (two LIs, three 
Dis, two ascending interneurons [AIs]). 
Wind-sensitive neurons fall into two main 
classes. The first class (four LIs, fourteen 
DIs, two AIs) responds to wind stimulation 
to the antennae and /or head parts, and the 
second class (one LI, two DIs, four ATIs) 
reacts to wind stimulation given to the 
cerci. Ten multimodal neurons, with combined 
sensory inputs such as light, sound, or wind 
are present as Lis, DIs, and AIs. Thirteen 
DIs are behavior initiating neurons. That 
is, the injection of depolarizing current 
into one of them initiates flight, walking, 
er swimming, depending upon the animal's 
situation. The majority of behavior 
initiating neurons never respond to sensory 
stimulation. 


INITIATION OF BEHAVIORS’ BY IDENTIFIED 
DESCENDING AND ASCENDING INTERNEURONS IN THE 
CRICKET BRAIN. 

Y. Sonoda, T. Matsuura and T. Yamaguchi. 

Dept. of Biol., Fac. of Sci., Okayama Univ., Okayama. 


In the brain of tethered crickets (Gryllus 
bimaculatus), the interneurons which initiate the 
behaviors such as walking and flight were identified 
with intracellular recording and staining method: 
thirteen interneurons were descending 
interneurons and four interneurons were ascending 
interneurons. The descending interneurons (DIs) 
have their somata and dendrites in the 
protocerebrum, and send their axons through the 
ipsilateral nerve cord toward the thoracic ganglia. 
Three of Dis were sensitive to wind stimulation given 
to the head and antennae, and the remaining DIs 
were insensitive to any sensory stimulation. So far 
examined successfully, when the tarsi were in 
contact with a substratum, the injection of 
depolarizing current into single DI initiated walking 
behavior, while the animal was suspended in the air, 
the same current injection initiated flight behavior. 
All ascending interneurons were identical with the 
dorsal giant interneurons (dGIs) running from the 
terminal abdominal ganglion. The injection of 
depolarizing current into a single dGI initiated not 
only walking or flight behavior (Hirota et al., 1993), 
but also swimming behavior when the animal was 
floating on the water. 


EFFERENT CONTROL IN THE ANTERIOR LATERAL 
EYES OF ORB WEAVING SPIDERS: EFFECTS OF 

OCTOPAMINE 

F. Arita and S. Yamashita. Biol. Lab., 

Kyushu Inst. of Design, Fukuoka. 


The photoreceptor response of the 
anterior lateral eyes of the orb 
weaving spiders, Argiope amoena and 
Argiope bruennichii were examined by 
recording extracellular ERGs and 
intracellular receptor potentials. The 
eyes showed a circadian oscillation in 
the photoreceptor response which was 
mediated by efferent impulses in the 
optic nerve. During the "night state", 
the sensitivity of photoréceptors 
increased and the waveform of receptor 
potentials broadened as compared with 
those for the "day state". Octopamine, 
which has been reported as an efferent 
neurotransmitter of circadian rhythms in 
the Limulus and the scorpion eyes, 
mimicked endogenous efferent 
neurotransmission in the spider eyes, 
i.e., it increased the sensitivity of 
photoreceptors and broadened the 
waveform of receptor potentials. The 
results suggest that, in the spider 
eyes also, octopamine is an efferent 
neurotransmitter. 


Central projection from the medulla in the compound eye 
of the cabbage butterfly. 

M. Shimohigashi and Y. Tominaga. Dep. of Biol., Fac. of 
Sci., Fukuoka Univ., Fukuoka. 


Spectral informations of violet, blue and green 
receptors are transmitted to the medulla via the short 
visual fibers and the lamina monopolar cells, and those 
of UV and red receptors are directly to the medulla by the 
long visual fibers. In order to clarify the projecting system 
of the color informations, we have examined the optic 
lobe and the protocerebrum by light and electron 
microscopies. The medulla monopolar cells, which were 
so-called the transmedullarly cells, constructed the 
medulla columns with the axon bundles from the lamina, 
and extended their axons to the lobula. Four types of 
wide field neural processes ran perpendicularly to the 
axes of the columns at the distal, middle or proximal 
levels of the medulla, respectively. Two of them were 
found to be the dendritic processes of the giant 
neurons situating the cell bodies in the protocerebrum. 
One of these two giant neurons extended the dendritic 
processes at the middle level of the contralateral 
medulla, suggesting the synaptic contacts to the long 
visual fibers of UV receptors. The other extended the 
dendritic processes at the basal level of the ipsilateral 
medulla. Although its axonal branches spread in the 
ipsilateral part of the protocerebrum, one of the axonal 
branches reached the contralateral part of it. 
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RESPONSE PROFILES OF VISUAL INTERNEURONS IN 
THE MEDULLA OF SWALLOWTAIL BUTTERFLY 

T. Ichikawa. Department of Biology, Faculty of Science, 
Kyushu University, Fukuoka. 


The visual interneurons in the larval optic lobe of the butterfly 
are reorganized into the imaginal optic lobe during 
metamorphosis and play a new role in the visual processing of 
the adult butterfly. In the present study, anatomical and 
functional properties of the reorganized larval neurons in the 
swallowtail butterfly Papilio xuthus were examined by 
intracellular recordings and injection of Lucifer Yellow. The 
persistent larval neurons have a large soma in the anterior edge 
of the medulla. Many types of neurons were identified; some 
were sensitive to a moving pattern and some were not. A 
movement-sensitive neuron showed a strong excitation to a 
downward movement and a strong inhibition to a upward 
movement. The primary dendritic process of the unit run the 
inner surface of the medulla and entered the medulla neuropile 
to ramify at the dorsal area of the neuropile.The axon run 
down the optic tract between the lobula and lobula plate and 
terminated in the contralateral protocerebrum. Another 
movement-sensitive neuron showed an excitation to a upward 
movement and a inhibition to a downward movement. The 
neuron innervated the lobula plate. A neuron insensitive to the 
moving pattern was excited by a flash of light. The primary 
dendritic process entered the middle layer of the medulla 
neuropile from the anterior edge of the medulla and ramified m 
the dorsal area of the neuropile. Some neurons showed a 
inhibition of spontaneous discharge in response to a flash of 
light. They had one or two thin dendritic processes extending 
to the Jamma and many terminal branches in the lobula and the 
dorsal area of the protocerebrum. Anatomical features of the 
medulla neurons were compared to those of the neurons 
revealed by the immunocytochemistry of GABA and serotonin. 


EVOLUTION OF NEURAL CIRCUITS IN INSECT 
OCELLAR SYSTEMS. 

M. Mizunami Laboratory of Neuro-Cybernetics, 
Research Institute for Electronic Science, Hokkaido 
University, Sapporo. 


Insects ocelli are simple photoreceptive organs co- 
existing with highly sophisticated compound eyes. 
The ocelli have advantages in speed and sensitivity 
over the compound eyes, thus, playing roles in insect's 
behaviors such as rapid visual steering in flight and 
phototaxis in low light conditions. By comparing the 
wiring of neural circuits of ocellar systems of a variety 
of insects, | suggest that neural circuits of insect 
ocellar systems are classified into three functional 
types. The neural circuits of cockroach ocellar system 
are classified as a high-sensitivity type, where ocellar 
photoreceptors converge onto only four second-order 
neurons, then diverge to a large number of third-order 
neurons which project into a number of target 
neuropils of the brain. The ocellar systems of bees 
and flies are classified as a high-speed type where 
ocellar signals are transmitted to target neuropils by a 
number of second-order neurons. The ocellar systems 
of dragonflies and locusts are classified as an 
intermediate type. Phylogenic considerations suggest 
that high-sensitivity type and high-speed type circuits 
are evolved from intermediate type circuits. 


ULTRASTRUCTURE OF INSECT SENSORY CELLS 
PREPARED BY CRYOFIXATION 

Y. Toh, Dept of Biol., Fac. of Sci., Kyushu 
Univ., Fukuoka 

There have been many ultrastructural 
accounts about insect sensory cells. In 
most of these previous works specimens were 
prepared by chemical fixation. It is known 
that cytoskeletons play important roles in 
various cellular functions. But, it is 
also known that cytoskeletons are poorly 
preserved by chemical fixation as compared 
with those by cryofixation. In the present 
study chemoreceptors, mechano- J 
receptors and photoreceptors of flies and 
cockroaches have been examined by freeze- 
substitution and deep-etching replica. 

A receptor region of the insect 
photoreceptor consists of microvilli. 
Rhabdomeric microvilli of the fly contain 
core filaments with periodic side-branches. 
A receptor region of the insect 
mechanoreceptor cell is a tubular body, a 
specialized structure at the tip of the 
sensory cilium, which consists of closely 
packed microtubules. In the present study 
fine filaments were regularly organized 
together with microtubules in the tubular 
body. In chemoreceptors cells microtubules 
are interconnected to each other. In all 
three receptor cell types examined core 
filaments or microtubules are connected 
with possible receptor membranes by more 
fine filaments. These data are discussed 
in relation to their functional 
significance. 


SWITCHING MECHANISMS OF THE VISUALLY GUIDED 
BEHAVIORS OF THE TIGER BEETLE (CICINDELA) 
LARVA 

A.Mizutani and Y. Toh, Dept of Biol., Fac. 
of Sci., Kyushu Univ., Fukuoka 

A predatory behavior and an escape 
behavior of the tiger beetle larva are 
known to be induced by visual stimula- 
tions. When a small object approaches the 
larva in the burrow, it jumps to snap at 
it. On the other hand it withdraws deep in 
the burrow when a large object like a human 
experimenter approaches it. The larva 
possesses six pairs of stemmata. Two of 
the six pairs are large, the visual 
behaviors largely depending upon them. 

In the present study switching mecha- 
nism of the two visually guided behaviors 
has been examined. Behavioral analyses 
showed the switching of the behaviors 
depended upon distances between the larval 
head and the moving object, but not upon 
visual angles of the object viewed from the 
larva. Optical measurements revealed that 
visual fields of the four large stemmata 
were less overlapped with each other at the 
height evoking the predatory behavior, but 
largely overlapped at the height evoking 
the escape response. Intracellular 
recordings in the optic lobe and the 
protocerebrum showed some visual 
interneurons responding exclusively to a 
moving object with specific size and 
height. Based upon these data the neural 
mechanism for the switching of the two 
visually guided behaviors is discussed. 


GENOMIC ANALYSIS OF THE SQUID SODIUM 
CHANNEL 


C. Sato, K. Hirota and G. Matsumoto 
Electrotechnical Laboratory, Supermolecular 


ie ivi uku raki AP 


The sodium channel is a voltage-gated ionic 
channel essential for the generation of action 
potentials . On the basis of our recent results of 
the complete amino acid sequence of the squid 
Loligo bleekeri sodium channel deduced by 
cloning and sequence analysis of the 
complementary DNA (Sato, C. and Matsumoto, G. 
Biochem. Biophys. Res. Comm. 186; 61-68, 
1992), we have proposed a tertiary structure 
model of the sodium channel where the 
transmembrane segments are octagonally 
aligned and the four linkers of S5-6 between 
segments S5 and S6 play a crucial role in the 
activation gate, voltage sensor and ion 
selective pore, which can slide, depending on 
membrane potentials, along inner walls 
consisting of segments S2 and S4 alternately 
(Sato, C. and Matsumoto, G. Biochem. Biophys. 
Res. Comm. 186; 1158-1167, 1992). We further 
analyzed genomic structure and deduced introns. 


MOLECULAR MECHANISMS OF PKC INDUCED MODULATION 
OF A CLONED APLYSIA POTASSIUM CHANNEL. 
¥.Furukawa! and T.Kubo*. !¥ac. Integrated Arts & 
Sci., Hiroshima Univ., Higashi-Hiroshima and 
2tntl. Inst. Advanced Studies, Kyoto. 

A cloned Aplysia potassium channel (AKOla) 
expressed a fast transient potassium current in 
Xenopus oocytes. PKC activators (PMA, PDBu, 
OAG) slowed the inactivation of AKOla and in- 
creased its peak amplitude (Kubo & Furukawa, 
Soc. Neurosci. Abs., 18, 76, 1992). The effects 
of PKC activators were depressed by a kinase in- 
hibitor, H7. These results suggest that the PKC 
activators modulate the inactivation of AKOla 
via PKC-induced phosphorylation of AKOla and/or 
regulatory protein(s) exist in oocytes. Because 
there are three putative PKC phosphorylation 
sites in the amino acid sequence of AKOla (Ser24, 
Thr?45, Ser?49), we made phosphorylation mutants 
(each of these amino acids was changed to 
alanine) as well as a N-terminal deletion 
mutant. The deletion of the N-terminal 60 amino 
acids removed the inactivation and the channel 
became insensitive to PMA, suggesting that the 
N-terminal domain is indispensable for the inac- 
tivation and the modulation. S24A expressed a 
transient potassium current which was indistin- 
guishable from the wild type. T345A also 
produced a transient potassium current although 
the current showed slower inactivation. The in- 
activation of both currents was modulated by 
PMA. S349A did not express currents in oocytes. 
These results suggest that phosphorylation of 
Ser24 and Thr345 are not necessary for the PKC-— 
induced inhibition of the inactivation. 
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DIFFERENTIATION OF SODIUM AND CALCIUM 
CURRENTS IN NEWT RETINAL PIGMENT 
EPITHELIAL CELLS IN CULTURE. 

H.Sakai, Y.Kaneko, Y.Sakaki and T.Saito. 
Inst. of Biol. Sci. Univ. of Tsukuba. 
Ibaraki. 

The removal of neural retina in the adult 
newt eye leads to formation of a new 
functional retina by metaplasia of the 
Pigment epitherial cells (PECs). Isolated 
PECs were cultured in diluted Leibovitz 
(L-15) medium cotaining calf-serum. Within 
a few days in culture they began to spread 
and gradually became less’ pigmented. 
Mitosis was first observed in the culture 
about a week after plating. After three 
weeks in vitro, dipigmented cells formed a 
large clasters. Appearance of voltage- 
gated currents in PECs in dissociated cell 
culture was studied using the whole-cel 
patch-clamp technique. Voltage-gated K 
currents were commonly seen in freshly 
isolated and long-term cultured cells. In 
some cells cultured for more than 10 days, 
the transient Na and sustained Ca2+ 
currents were detected. The Nat curren 
tended. to appear earlier than the Ca 
current. PEC-specific monoclonal antibody 
stained freshly dissociated PECs, but not 
cultured PECs. Appearance of voltage-gated 
currents similar to those of neuroblasts 
or premature spiking cells during retinal 
regeneration of newt (Kaneko and Saito, J. 
Comp. Physiol., 170. 1992) suggests that a 
possibility that PECs transdifferentiate 
into neurons in vitro. 


CHROMATOPHORE PATTERN ON THE INTEGUMENT OF 
JAPANESE TREEFROG, Hyla arborea japonica. 
Y. Shirakata and Y. Kamishima 

Dept. of Biology, Faculty of Education, 
Okayama University, Okayama 700 


Integumental color changes in treefrogs 
are caused by melanophore movement in the 
dermal chromatophore unit. However, natural 
skin color of these frogs are much diverse 
and can not be understood by the melano- 
phore movement alone. Applying image pro- 
cessing technique we have studied various 
colorations on Japanese treefrog skin and 
be able to distinguish eight patterns in 
the dermal chromatophore unit. The eight 
patterns of the chromatophore unit are 
formed by three types of pigment cells, 
each of which shows two different chromatic 
states, that is, dispersion or contraction 
of pigments in xanthophores and melano- 
phores, dense or pale coloration in irido- 
phores. We have identified four fundamental 
skin colors, each of which is consisted of 
two patterns out of the eight chromatophore 
units. That is, three chromatophres in 
either state are combined to form eight 
patterns of the chromatophore unit, of 
which two are contributed to form one of 
the four fundamental skin colors in the 
Japanese treefrogs. Various skin colors 
observed on the treefrogs with different 
"nuance" seem to be caused by difference in 
ratio of the two unit patterns forming a 
skin coloration. 
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RHO FAMILY OF SMALL GTP-BINDING PROTEINS 
PARTICIPATE IN THE LIGHT-INDUCED MELANO- 
PHORE RESPONSE OF THE XENOPUS TADPOLE 1 
Y. Miyashita’, N. Ygkosawa , T. Moriya, K. 
Asami, Ua NPA, S. Kusunoki ‘ Sis 
Toratapi and H. Yokosawa~. Dept. of 
Biol., “Dept. of Microbiol. Sapporo med. 
Univ., Sapporo, NAIR, MITI, Tsukuba, ESI s 
Tokyo, Dept. of Biochem., Fac. of Pharma- 
ceutical Sci., Hokkaido Univ., Sapporo 

A 26 kDa protein in melanophore-rich 
tail-fin of Xenopus laevis tadpole was ADP- 
ribosylated by Clostridium botulinum 
exoenzyme C3. The reaction was influenced 
by light, suggesting that the C3 substrate 
protein contributes to light-induced 
melanin aggregating response in Xenopus 
tail-fin melanophores. The small GTP- 
binding proteins belonging to the Rho 
family are known as substrates of 
botulinum C3. Using a monoclonal antibody 
to small GTP-binding protein (Rho), we 
tried to further characterize the C3 
substrate in Xenopus tail-fin. The 
antibody was purified from culture medium 
of hybridoma cell clone A5(Toratani et al., 
WAS Labeg, SA, SE3esh7, L993). Was Aes 
ribosylation of the 26 kDa protein by C3 in 
Xenopus diminished in the presence of the 
monoclonal antibody. A possible role of Rho 
in the regulation of actin fiber formation 
has been proposed in other cells. Rho might 
participate in signal transduction between 
a photo-receptive system and a _ mechano- 
chemical system for pigment translocation 
in melanophores of Xenopus tadpole. 


CHANGE IN THE ADRENERGIC INNERVATION AND 
RESPONSIVENESS OF MELANOPHORES AFTER 
PROLONGED BACKGROUND ADAPTATION IN THE 
MEDAKA, ORYZIAS LATIPES. 

M.Sugimoto, R.Fujii and N.Oshima. Dept. of 
Biomolecul. Sci., Fac. of Sci., Toho Univ., 
Funabashi. 

We previously reported’ that 10-days 
adaptation of the medaka to a black (B 
fish) or white background (W fish) induced 
the morphological color change and the 


change in the responsiveness of 
melanophores to melanosome-aggregating 
agents. In the present study, we 


investigated the effect of prolonged 
background adaptation on nervous control of 
pigment aggregation in melanophores. 

Electrical stimulation of melanophores in 
scales from B and W fish showed that the 
minimum effective voltage necessary to 
provoke discernible melanosome aggregation 
in B fish was lower than that in W fish. 
Pattern of innervation to the melanophores 
was also examined by autoradiography with 
3H-norepinephrine and the density of 
labeled fibers in the scale of B fish was 
higher than that of W fish. These results 
indicate that the prolonged background 
adaptation induces the morphological and 
functional changes of me lanosome- 
aggregating nerves. 


AN ANALYSIS OF THE MELANIN-CONCENTRATING 
HORMONE ACTION ON FISH MELANOPHORES. 

N. Nakamaru, H. Nagamori and N. Oshima. 
Dept. of Biomolecul. Sci., Fac. of Sci., 
Toho Univ., Funabashi. 


Melanin-concentrating hormone (MCH) causes 
melanosome aggregation mediated by MCH re- 
ceptors. Using skin pieces of Corydoras 
paleatus, responses of melanophores to vari- 
ous doses of MCH were photoelectrically rec- 
orded in succession. At doses more than 1 
pM, almost complete aggregation of pigment 
which occurred within several min after the 
application of MCH was followed by pigment 
dispersion in the continued -presence of the 
hormone. A fragment analog, MCHs5-}7, did not 
have the pigment-dispersing effect, and 
showed only the aggregating action even at 
higher doses, although the threshold dose of 
the fragment was lower than that of MCH. 
Thus, the pigment-dispersing action of MCH 
seems to relate to the N-terminus of the 
peptide. Ca** requirement for MCH action was 
also studied. In Ca**Mg**free saline, MCH at 
1 pM failed in the induction of dispersion, 
but, 10 pM MCH aroused pigment-dispersion 
that followed aggregation. Since Ca** is in- 
dispensable for MSH action, melanosome-dis-— 
persing action of MCH at high concentrations 
may be mediated not by MSH receptors, but by 
specific receptors for MCH of another type. 


POSSIBLE INVOLVEMENT OF PROLACTIN IN 
"YELLOWING” OF FISH. 

M.Makino!, N.Oshima!, S.Iwamuro® and H.A. 
Bern’. 'Dept. of Biomolecul.Sci., Fac. of 
Sci., Toho Univ., Funabashi, 2Dept. of Biol., 
Sch. of Educ., Waseda Univ., Tokyo, Spdept. 
of Integrative Biol., Univ. of California, 
Berkeley, USA. 


Effects of the pituitary hormone pro- 
lactin (PRL) on chromatophores in scales 
and split tail-fin pieces of the tilapia 
Oreochromis niloticus were examined. 
Responses of xanthophores, erythrophores 
and melanophores in primary culture to PRL 
were also studied. After the application 
of ovine PRL, tilapia PRLi77 or PRLiss to 
preparations, photomicrographs were taken 
continuously. Responses of melanophores in 
split-fin pieces were recorded photoelectri- 
cally. In scales and split-fin pieces, a 
pair of tPRLs and oPRL caused melanosome 
aggregation and dispersion of xanthosomes. 
Their relative effectiveness was as follows: 
tPRL1i77 > OPRL > tPRLiss. Cultured xantho- 
phore and erythrophore responded to PRL by 
pigment dispersion in a dose-dependent way, 
although cultured melanophore did not react. 
From these results, it was concluded that 
PRL affects brightly-pigmented cells direct- 
ly, but affects melanophores indirectly, 
resulting in yellowing of fish skin. 
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ADRENERGIC REGULATION OF MOVEMENTS OF 
LEUCOPHORES IN SEBASTES INERMIS. 

T. Iga and T. Mio. Dept. Biol.,Fac. Sci., 
Shimane Univ., Matsue. 


There exist strange chromatophores 
which appear yellowish by reflected light 
in the integument of the darkbanded rock- 
fish Sebastes inermis. Ultrastractural 
observations disclosed that these 
chromatophores were of leucophores (Iga 
& Matsuno, 1992). In the present experi- 
ments, adrenergic mechanisms controlling 
pigment migration were investigated. K 
ions induced dispersion of the pigment. 
The effect was interfered by propranolol 
and was lost in denervated preparations, 
suggesting that these chromatophores were 
innervated by adrenergic nerves. 
Adrenergic agonists, isoproterenol and 
norepinephrine, but not epinephrine, 
induced pigment dispersion. Propranolol 
inhibited the dispersion response. 
Forskolin and 8-Br-cAMP were effective in 
dispersing the pigment. Epinephrine 
accelerated pigment aggregation and the 
effect was inhibited by yohimbine. These 
results revealed that stimulation of beta 
adrenoceptors resulted in an  intera- 
cellular increase in cAMP which then 
initiated pigment dispersion and that 
alpha adrenoceptors mediate pigment 
aggregation. These findings confirmed 
that these chromatophores were also 
physiologically of a leucophore type. 


EFFECTS OF THREE FAMILY PEPTIDES OF 
ENDOTHELIN ON PIGMENT MOVEMENTS IN 
CHROMATOPHORES OF TELEOST FISHES. 

H. Hayashi, Y. Tanaka and R. Fujii. Dept. 
of Biomolecul. Sci., Fac. of Sci., Toho 
Univ., Funabashi. 

Although motile activities of chromato- 
Pphores are controlled by many biogenic 
substances such as neurotransmitters, 
hormones, and so on, other principles, 
whose effects on chromatophores are still 
unknown, may participate in a delicate and 
elaborate modification of hues and patterns 
of the skin in lower vertebrates. Endo- 
thelin (ET) is known to be a peptide that 
induces the constriction of almost all 
vessels of mammalian species. There are 
three family peptides of ET, namely, ET-1, 
ET-2 and ET-3. Until the present time, on 
the other hand, only a limited number of 
cases have been reported about the positive 
effects of these peptides on the tissues of 
lower vertebrates. Therefore, we have 
performed an investigation into the action 
of ETs on chromatophores of teleost fishes. 
In the melanophores of many teleost fishes, 
these peptides effectively induced melano- 
some aggregation, but the effect of ET-3 
were relatively low, if compare with those 
of other two peptides. Blockers of alpha- 
adrenoceptors and muscarinic cholinoceptors 
did not interfered with the action. 
Strangely, BQ-123, a known specific blocker 
of endothelin receptor of ET, type was also 
ineffective. In the leucophores, these 
peptides induced pigment dispersion. 


ANALYSIS OF SKY BLUE COLORATION IN THE 
SURGEONFISH (PARACANTHURUS HEPATUS) — FINE 
STRUCTURE OF IRIDOPHORES. 
M. Goda and R. Fujii. Dept. of Biomolecul. 
Sci., Fac. of Sci., Toho Univ., Funabashi. 
As a part of analyses of the skin blue 
coloration of the common surgeonfish (Para- 
canthurus hepatus; Acanthuridae), fine 
structural observations of the integumen- 
tary organization were made. Special atten- 
tion has been paid on the ultrastructure of 
chromatophores. Under the epidermis, round 
iridophores were compactly arranged in 
double layers. Piles of extremely thin 
light-reflecting platelets were present in 
the iridophores. Nuclei in the iridophores 
of the upper layer are located at the top 
of the cell, while those in the cells of 
the lower layer around the center. Notwith- 
standing the position of the nucleus, the 
piles of platelets are radially arranged in 
the cell so as to converge their axes at 
the apical part of the cell. MThe stack of 
platelets are responsible for the multi- 
layered thin-film interference phenomenon 
of the non-ideal type, which should be 
responsible for the generation of brilliant 
blue coloration. The singly layered irido- 
phores in damselfish skin were responsible 
for bright cobalt-blue. The double-layered 
presence of the iridophores in the surgeon- 
fish may be concerned with decreasing 
chroma value of the hue to some extent by 
scattering light-rays. Melanophores under- 
lying the layers of iridophores may be 
functioning to modify the blue hue. 


ACCURATE METHOD FOR MEASURING RESPONSES OF 
A LEUCOPHORE AND ITS APPLICATION TO DETEC- 
TION OF THE EFFECTS OF ENDOTHELINS. 

T. Yamada, T. Fujita and R. Fujii. Dept of 
Biomolecul. Sci., Fac. of Sci., Toho Univ., 
Funabashi. 


A reliable photoelectric method for 


recording the motile responses of a single 
leucophore was developed. The leucophore on 
a scale of the medaka, Oryzias latipes, was 
used in particular. The light reflectance 
from the peripheral dendritic zone (r,) and 
that from the cell body (r.) of a Teuco- 
phore were separately received by photo- 
electric transducers. The resultant current 
changes were then converted to voltages, 
and appropriately amplified. Final outputs 
of both channels are represented as "R, = 
IN 33 se) eiatel Wi S Ne oe ion where A, Ena 
Ay are the total amplification factors, 
respectively. When leucosomes disperse from 
the cell body into dendrites, R, increases 
and R, decreases, while the reverse changes 
of occur when the leucosomes aggregate. In 
either case, the response, expressed as the 
final voltage output (R) can properly be 
expressed as R = R, - R which can easily 
be obtained electrénically, and recorded on 
a paper-chart recorder immediately. The 
present method could be applied for 
measuring the motile activities of irido- 
phore of the dendritic type, such as that 
of the dark sleeper goby Odontobutis. By 
using this method, we were able to detect 
the leucosome-dispersing action of endo- 
thelins on the leucophores on the medaka. 
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MELANOPHORE RESPONSES TO BACKGROUND 
CHANGES IN THE FLATFISH, PARALICHTHYS 
OLIVACEUS. 

U. Kikutani and C. Shingyoji. Zool. Inst., Fac. of 
Sci., Univ. of Tokyo, Tokyo. 

Pleuronectids are known to change their colour 
according to the background. To elucidate the mech- 
anism of this response, which depends largely on the 
activity of melanophores, we recorded the behaviour 
of melanophores following a change in the back- 
ground pattern. Young flatfish, Paralichthys oli- 
vaceus, (body length, 7-10cm) that had been kept in a 
laboratory tank, were set against plain (white, grey 
and black) or checkered (black and white, 1mm to 
lem squares) backgrounds under controlled illumi- 
nation. Plain backgrounds induced uniform col- 
oration with all the melanophores in an aggregated 
(white background) or a dispersed (black back- 
ground) state. Checkered backgrounds induced spot- 
ted patterns with both dispersed and aggregated 
melanophores. Dispersed cells were found only in 
regions where they formed round spots: three large 
and many small spots were identified. The number 
of spots depended on the square size. The adaptation 
time to the checkered background decreased 
dramatically after the fish were subjected to cyclic 
(daily) changes of the background (black—checkered— 
white). When the background was changed to black, 
the melanophores in the large spots seemed to 
become less dispersed than those in the other 
regions. The difference of melanophore responses in 
the spots and other regions and its relevance to the 
mechanism of colour change are discussed. 


NEURAL CONTROL OF SWIMMING ACTIVITY 
IN LARVAL ANGELFISH PTEROPHYLLUM 
SCALARE. 

M. Yoshida, K. Uematsu and K. Namba. Laboratory 
of Fish Physiology, Faculty of Applied Biological 
Science, Hiroshima University, Higashi-Hiroshima. 


During the course of post-embryonic develop- 
ment in angelfish, Pterophyllum scalare, pattern of 
spontaneous tail-beating movement alters as their 
behavior changes. Activities of ventral roots can be 
recorded extracellularly from the body surface of 
pharmacologically immobilized larvae, and they show 
the multiple patterns. The recorded patterns in the 
immobilized preparations at various developmental 
stages compare with the tail-beating activities of intact 
animals at the corresponding stages. 

Intact animals in an early period of post- 
embryonic development respond to dimming with 
transient tail beats. Spinal motoneurons in immobi- 
lized preparations in the early period also respond to 
dimming with rhythmic bursts of spikes that possibly 
underlie the tail beats seen in intact animals. At the 
early stages (1-2 days after hatching), the lateral eyes 
are not likely to be functional, and, in addition, the 
response to dimming are not abolished by removing 
the lateral eyes. The response of the spinal motor sys- 
tem to the dimming in young larvae, therefore, may 
be mediated in part by photoreception in the pineal. 


LOCATION OF THE CIRCADIAN PACEMAKER OF 
THE HAGFISH, EPTATRETUS BURGERI, IN THE 
PREOPTIC NUCLEUS OF THE HYPOTHALAMUS. 

S. Ooka-Souda', T. Kadota? and H. Kabasawa?. 


1 Atomigakuen Jr. College, Tokyo, 
2Departmeont of Anatomy, Yokohama City 
Univ. , School of Medicine, Yokohama, 


3 Aburatsubo Marine Park Aquarium, Miura. 


The locomotor activity of the hagfish 
was measured by use of an infra-red 
photocell system. We performed various 
kind of surgical operations especially 
involving the preoptic nucleus (PON) and 
made detailed histological examination of 
the operated brains after recording the 
locomotor activity of the animals. In 
animals lacking the anterior part of the 
hypothalamus which included the PON, both 
the nocturnal rhythm under 12L:12D and the 
circadian rhythm in DD were lost. Cuts in 
front of the PON and cuts in middle of 
the PON did not affect rhythms, but cuts 
behind the PON caused the animals to 
loose their rhythms. Destruction of the 
PON by high-frequency lesion generator 
also caused loss of rhythms. After 
destruction of the anterior half of the 
PON, the characteristic rhythms’ remained. 
These findings indicate that the pacemaker 
may be located in the PON, which has 
retinofugal connections, and the posterior 
part of it may be especially important. 


CENTRAL AND PERIPHERAL LATERALIZATION OF 
SONG CONTROL IN BENGALESE FINCHES. 
K.OKANOYA and S.WATANABE 

Psychology Department, Keio University, 
Mita, Minato-ku, Tokyo. 


Side of dominance for song control 
was investigated in Bengalese finches at 
two levels: the most peripheral and the 
most central. At the most peripheral 
level, the syringeal branch of the 
hypoglossal nerve was dissected 
unilaterally. Songs recorded before and 
after the surgery were compared to 
determine the side of dominance. Cutting 
the left nerve abolished a majority of 
song syllables while the operation on the 
right nerve abolished only one class of 
syllables (harmonic stack). At the most 
central level, the nucleus HVC (higher 
vocal center) of the caudal neostriatum 
was unilaterally lesioned to examine the 
degree of laterality. The effect of the 
HVC lesion varied from minor to severe. In 
one left lesioned case, the degree of 
frequency modulation in song syllables 
became smaller. In one left and one right 
lesioned cases, both spectral and temporal 
features of songs were severely 
deteriorated. These results suggest that 
the song control in Bengalese finches is 
clearly lateralized at the peripheral 
level but more or less bilaterally 
represented at the central level. 
(Supported by the Inoue Fellowship to 
K.OKANOYA) 
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TRANSPLANTATION OF ADULT OCCIPITAL CORTEX 
TO THE SAME CORTEX OF ADULT BUDGERIGAR 
YIshihara!, H.Sato*, T.Hirasawa2 and H.Okumura2. 
IDept. of Metullurgy, Fac. of Eng., The Univ. of Tokyo, 
Tokyo. 2 Dept. of Chemical and Biological Sciences, 
Fac. of Science, Japan Women's __Univ., Tokyo. 

Occipital cortex was taken from adult budgerigar and 
transplanted to the same region of the other adult one. 
After survival times of four months or over, histological 
examination of transplants was carried out. Morphological 
characteristics of transplant were compared with normal or 
locally damaged occipital cortex. Great differences in 
fibres and cell patterns were found among them. 
Neurons and fibres were degenerated in locally damaged 
cortex. In transplanted region of host, the size of neurons 
was smaller than that of same region in normal specimen. 
On the other hand, the density of neurons in transplant 
was higher than that of normal one. Moreover, extensions 
of fibres and blood vessels from host to transplant were 
observed. Blood vessels were uniformly distributed in 
normal occipital cortex, but blood vessels in host, which 
were around the transplant, concentrated on the transplant. 

There were no studies on avian transplantation of adult 
brain to adult host. Our results show the possibility of 
transplantation of brain between adult budgerigars. 
Although we do not examine functional property of 
transplants in this study, transplantation appers to be a 
useful technique for further studies on plasticity of brain 
of budgerigar. 


THE ROLE OF OPTOMOTOR RESPONSE IN RHEOTAXIS 
OF THE WATER STRIDER, GERRIS PALUDUM. 
K. Taneda. Dept. of Biol. Fac. Sci. Kochi Univ., Kochi 


In a previous study, we found that the blinded water strider 
showed conspicuous rheotaxis in a water current. This finding 
suggests that the water strider is possible to move upstream 
without optomotor response. However, water striders have been 
known to show conspicous optomotor response. To investigate the 
role of this response in rheotaxis, the behavior of the insect in an 
expeinmental vessel was analyzed using VIR system. The vessel 
consited of a cylindrical transparent aquarium (15cm in radius) and 
a drum with a white screen or with a screen of black and white 
vertical stripes of equal width. The aquarium was placed inside of 
the drum. The rotation of the aquarium and/or the drum was driven 
by an electric motor. The direction of the body axis was measured 
using a video projector and a digitizer (Graphtec KD3300) at 1-sec 
intervals. Five kinds of experiments were performed using the 
immovable aquarium with a rotating striped drum (exp. 1), the 
immovable aquarium with a rotating white drum (exp. 2), the 
simultaneously rotating aquarium and white drum (exp. 3), the 
simultaneouly rotating aquarium and striped drum (exp. 4), and the 
rotating aquarium with an immovable striped drum (exp. 5). In 
exp. 1, the specimen usually moved in the direction of rotation of 
the drum. While the specimen showed no active behavior in exp. 
2. In exp. 4, the specimen once moved in the direction of rotation 
of the aquarium, and then it tumed periodically in the opossite 
direction. In exps. 3 and 5, the specimen usually moved in the 
opossite direction to rotation of the aquarium. These facts suggest 
that rheotaxis in the water strider is due to optomotor response as 
well as physical force by water current. 


EFFECTS OF POPULATION DENSITY ON GROWTH AND 
BEHAVIOR OF THE CRICKET GRYLLUS BIMACULATUS 

M. Iba’, T. Nagao’. ‘Div. of Biol. Sci., Grad. Sch. of Sci., Hokkaido 
Univ., Sapporo, *Center for Experimental Plants and Animals, 
Hokkaido Univ., Sapporo. 


The crickets Gryllus bimaculatus exhibit individual differences wheu 
they were reared under crowded condition. To examine the effects of 
population density on growth and behavior of the crickets, we 
compared the characteristics of isolated and crowded population of the 
crickets. The development time of isolated crickets was shorter than 
that of crowded crickets. Adults isolated crickets were heavier than 
crowded ones. There was no significant difference in the length of the 
wings between isolated and crowded insects, whereas the body color 
of isolated ones was darker than that of crowded ones. As well, 
isolated crickets were significantly more aggressive than crowded ones. 

As a first stage to investigate the neurohormonal control of such 
differences caused by population density, we examined the levels of 
biogenic amines, their precursors and metabolites of the CNS and 
hemolymph of isolated and crowded insects using HPLC with 
electrochemical detection. Both in the brain and hemolymph, although 
there was no significant difference in the levels of serotonin between 
isolated and crowded crickets, the concentration of dopamine and 
octopamine of crowded crickets was significantly higher than that of 
isolated ones. On the contrary, the concentration of N-acetyldopamine 
of isolated crickets, which functions as a tanning agent of cuticle 
during sclerotization in insects, was significantly higher than that of 
crowded ones. 

The results will be discussed in the context of function of dopamine 
and octopamine in aggressive behavior and that of N-acetyldopamine 
in cuticular tanning. 


Sensory input for elicitation of thanatosis 
in the cricket. 

H. Nishino and M. Sakai Dept. of Biol., 
Fac. of Sci., Okayama University, Okayama. 


We have found that the cricket Gryllus 


bimaculatus shows thanatosis. This is an 


immobile state with every part of the body 
rigidly flexed for 2-4 min. Stimulation 

for eliciting this behavior is a slight 
pressure on the prothorax and legs. We 
searched the pronotum and legs for 
receptors to trigger this immobile state. 
Excision of both the pronotum and forelegs 
led the animal to be unable to assume 
thanatosis while that of either of them 
did not abolish it. Then, to identify 
receptors, sensilla of a particular type 
were removed. Elimination of all spine-like 
sensilla on the pronotum had an effect 
similar to that of pronotum extirpation. 

In contrast, removal of the mesonotum and 
metanotum did not cause any deficiency in 
thanatosis. On the other hand, elimination 
of campaniform sensilla in the tibia and 
trochanter and femoral chordotonal organs 
had an effect similar to that of foreleg 
extirpation. In addition, stimulation 

of campaniform sensilla and possibly spine- 
like sensilla on the forewings elicited 

the immobile posture. These results suggest 
that cuticle stress detectors play a key 
role in eliciting thanatosis. 


114 Physiology 


The center for inhibition on mating 
behavior in the male cricket. 

Y. Matsumoto and M. Sakai. Dept. of Biol. 
Fac. of Sci., Okayama Univ., Okayama. 

It has been assumed that the suboeso- 
Phageal ganglion is the inhibitory center 
of mating behavior in insects (Roeder 1935 
Huber 1955). This is based on the 
observations that decapitated males 
exhibited copulation actions while 
decerebrated ones failed it. However, we 
have recently posed a question of this 
assumption since decerebrated male circkets 
exhibit copulation actions as well as 
decapitated males (Sakai et al. 1990). 
Therefore, we re-examined this problem in 
detail with a new approach. First, 92% of 
the decerebrated males in the mating stage 
showed copulation response under the control 
of their sexual excitation while subsequent 
removal of the suboesophageal ganglion did 
not change the responsiveness which 
confirmed our previous results. Second, 
when intact males were injured in the head 
by cuticle incision, they were unresponsive 
to mimetic stimulation for 15-20 min while 
decerebrated males and suboesophageal 
ganglion split-males were unresponsive for 
1 min and 7 min. Third, when decerebrated 
males and suboesophageal ganglion split- 
males were given with noxious stimulus by 
pinching the leg, they were unresponsive for 
1 min and 3 min. These results suggest that 
the brain is primarily important in 
inhibition of mating behavior. 


ANALYSIS OF MUTUAL COUPLING BETWEEN 
CRICKET OPTIC LOBE CIRCADIAN PACEMAKERS. 
K. Tomioka. Biol. Inst., Fac. Sci., Yamaguchi Univ., Yamaguchi. 


The circadian rhythm of the cricket Gryllus bimaculatus is 
generated by weakly coupled two optic lobe circadian 
pacemakers. The coupling mechanism between the pacemakers 
was investigated by recording the locomotor activity, under 
light-dark cycles with various lengths, after the optic nerve 
was unilaterally severed. The activity rhythm split into two 
components under the light cycles different from 24 h: one 
was readily entrained to the light cycle and the other only 
loosely entrained or freeran. Additional removal of the optic 
lobe on the intact side resulted in a loss of the entrained 
component and that on the blinded side caused the reverse 
effect, indicating that the entrained component was driven by 
the pacemaker on the intact side and the other by the one on 
the blinded side. The synchronization between the two 
components was achieved only in light cycles with a limited 
length between 23 and 25 h. Without this range, the 
desynchronization of the components occurred. In the split 
thythm, the phase-dependent modulation of the period of 
freerunning component and the mutual suppression of 
locomotor activity during the subjective day phase were clearly 
observed. The suppression was also evident in the lights-on 
peak that was the masking effect of light. The light cycle with 
dim light significantly reduced the ratio of animals with the 
pacemaker coupling as well as the magnitude of the period 
modulation. These results suggest (1) that the mutual coupling 
is achieved only when the difference in the periods between 
the two pacemakers is within an allowable range, (2) that the 
photic information is also involved in the mechanism of mutual 
coupling, and (3) that the suppression of activity occurs at the 
regulatory center for locomotion. 


ANALYSIS OF NEURAL PATHWAYS FOR MUTUAL 
INTERACTIONS BETWEEN CRICKET OPTIC LOBE 
CIRCADIAN PACEMAKERS. 

M. Yukizane, K. Tomioka. Biol. Inst., Fac. Sci., Yamaguchi Univ., 
Yamaguchi. 

The circadian rhythm of the cricket Gryllus bimaculatus 
is generated by two interacting optic lobe circadian pacemakers. 
The interaction includes two principal mechanisms, i.e., the 
phase-dependent inhibition of activity driven by the 
contralateral pacemaker and the phase-dependent modulation 
of the freerunning period of each other. The neural pathways 
involved in the mutual interactions were examined by recording 
locomotor activity, under 13 h light to 13 h dark cycle, after 
optic nerve was unilaterally severed and the contralateral optic 
stalk was partially destroyed. When the dorsal half of the optic 
stalk was severed, the locomotor rhythm often split into two 
components: one was readily entrained to the light-dark cycle 
and the other freeran with a marked fluctuation in freerunning 
period, where the period of the freerunning component was 
lengthened when the onset of entrained component occurred 
during the early subjective night but was shortened during the 
subjective day. The phase-dependent inhibition of activity 
was also observed. However, severance of the ventral half of 
the optic stalk resulted in the appearance only of the freerunning 
component; neither the phase-dependent modulation of the 
freerunning period nor the change in activity level were 
observed. These results suggest that some of the neurons that 
pass through the ventral side of the optic stalk act as pathways 
not only for mutual interactions but also for driving overt 
activity rhythm. Histological and electrophysiological data 
suggests that the neurons directly connecting bilateral medullae 
to be the candidate mediating the circadian information 
necessary for the interaction. 


IDENTIFICATION OF AUTOFLUORESCENT NEURONS IN THE 
CRAYFISH ABDOMINAL NERVOUS SYSTEM 

H. Aonuma, T. Nagayama, M. Takahata 

Ani. Behav. & Intelli., Div. of Bio. Sci., Grad. Sch. of Sci., 
Hokkaido Uniy., Sapporo. 


Experimental use of identified neurons facilitates the 
analysis of neural networks underlying animal 
behavior, and enables to understand cellular 
interactions both qualitatively and quantitatively. If a 
particular neuron can be characterized by its own 
specific properties under in situ observation, we can 
easily identify it during physiological experiment. 

Some central neurons in the crayfish abdominal 
nervous system have autofluorescent somata. The bright 
yellow fluorescence of somata was induced in the 
whole-mount preparation by using blue-violet light 
from high-pressure mercury lamp. The light employed 
for excitation was passed through 400-470nm (max. 
430nm) excitation filter. The resulting autofluorescence 
was passed through LP 500 barrier filter. In cach 
abdominal ganglion (AG), at least one pair of somata 
were observed by the blue-violet light illumination. 
The soma recording was applied to identify and 
visualize the autofluorescent neurons. The intracellular 
staining with Lucifer yellow CH or NiCl2 revealed that 
the autofluorescence cell was the motor giant (MoG). In 
AG1-AG5, all the neurons we had stained had somata 
with a large diameter (120-135um) in the medial part of 
the ganglion at the level of root 1, very few dendrites in 
the ganglion but extensive peripheral branching, and 
very thick (about 45um) axon. projecting to 
contralateral root 3. In AG6, two pairs of segmentally 
homologous MoGs were identified. They had somata 
either at the antero-medial or postero-medial region of 
the ganglion, extended very limited short branches 
near the midline and projected axons into root 6. 
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PROCESSING OF TAILFAN PROPRIOCEPTIVE 
INFORMATION IN THE TERMINAL ABDOMINAL 
GANGLION OF THE CRAYFISH 

T.Nagayama and P.L.Newland’ ‘Division of Biological Sciences, 
Graduate School of Science, Hokkaido University, Sapporo, ‘Department 
of Zoology, University of Cambridge, England 


The physiology and morphology of sensory afferents from a 
chordotonal organ in the tailfan of the crayfish Procambarus 
clarkii Girard have been characterized and their synaptic 
connections with central neurones in the terminal abdominal 
ganglion have been examined. 

Two basic morphological types of chardotonal afferents have 
been identified: most afferents terminate only in the terminal 
abdominal ganglion while a few have intersegmental axons. 
Their responses to imposed movements of chordotonal strand 
were also two distinct types: afferents that responded only 
during a movement (dynamic type), and afferents that 
responded to maintained deflections (static type). Each afferent 
had different velocity threshold and afferents with high 
threshold have fewer branches than low threshold afferents and 
project to a more posterior region in the terminal ganglion. 
These chordotonal afferents make direct, chemically mediated, 
excitatory connections with particular intersegmental 
interneurones and spiking and nonspiking local interneurones. 
Afferents make convergent patterns of connections with 
particular interneurones. Afferents also make divergent 
connections with different types of interneurones. No direct 
afferent to uropod motor neurone connections were, however, 
found. 


OUTWARD RECTIFICATION BY THE DENDRITIC 
MEMBRANE OF AN IDENTIFIED NONSPIKING 
INTERNEURON IN CRAYFISH. 

Masakazu Takahata. Div. Biol. Sci., Grad. Sch. Sci., Hokkaido 
Univy., Sapporo. 

The dendritic membrane of LDS cell, a sensory nonspiking 
intemmeuron identified in the terminal abdominal ganglion of the 
crayfish Procambarus clarkii Girard, shows significantly lower 
input resistance to depolarizing current (<1nA up to 5nA) than to 
hyperpolarizing current injected intracellularly from a 
microelectrode. The membrane behaved similarly whether the 
electrode impaled LDS cell at its arch-like structure near midline or 
at its side branches extending bilaterally in ganglionic neuropiles. 
This observation indicates that the rectifying property is common 
to all regions of the LDS dendritic branches. 

The physiological basis of this outward rectification by the 
dendritic membrane of LDS cell was studied by the single 
electrode voltage clamp experiment in which a single glass 
microelectrode filled with 3% Lucifer yellow CH in 1M LiCl was 
switched between recording and current injection mode at 1.5- 
2.SKHz. The electrode resistance was usually 20-30MQ. The 
abdominal nervous system was isolated from the rest of the body 
and fixed dorsal side up in an experimental chamber filled with 
van Harreveld solution All the voltage clamp experiment was 
done at or near the arch-like structure. Voltage-sensitive outward 
steady current (150pA/mV) superimposed on the leakage current 
was recorded when the cell was clamped at depolarized level by 
more than 20mV from the resting potential up to SOmV. The 
current continued to flow during the command pulse application 
for 160msec. Voltage clamp at hyperpolarized level caused no 
additional currents than the inward leakage current (80pA/mY). 
The outward steady current was reversibly decreased by perfusion 
of 10mM TEA The results suggest that the outward rectification 
by the dendritic membrane of LDS cell is based on the delayed 
rectifier potassium channel which is commonly present in general 
excitable membrane. 


PHEROMONE-TRIGGERED "FLIPFLOP" DESCENDING 
NEURONS WHICH CONTROL ORIENTED ZIGZAGGING 
WALKING OF THE MALE MOTH, BOMBYX MORI 
R.Kanzaki, A.Ikeda and T.Shibuya. 

Inst. of Biol. Sci., Univ. of Tsukuba, Tsukuba. 


Male moths, Bombyx mori display oriented zig-zagging 
walking in response to the sex-attractant pheromones of females. 
Some descending neurons (DNs) from the brain to the thoracic 
motor center (TMC) show state-dependent activities, like an 
electronic 'flipflop', which have two distinct firing frequencies, 
high and low. The morphology of these flipflop DNs were, 
however, still not characterized, let alone the neural system 
required to produce such flipflop activities. 

In the present study, two clusters of DNs (group I, I) 
which have arborizations in the lateral accessory lobes (LALs) of 
the protocerebrum (PC), the higher olfactory integrative centers, 
were examined. The LALs are innervated by PC neurons as 
well as DNs. Each LAL is also linked with each other. Two 
types of flipflop activities, which have an antiphasic relationship, 
descending in each connective of the ventral nerve cord to the 
TMC were found. Cobalt staining of DNs suggests that DNs 
which have arborizations in the LAL show flipflop activities in 
response to sequential pheromonal stimulation. The LALs may 
be important for processing the olfactory information. The 
flipflop activity pattern was also consistent with the activity 
pattern of the neck motor neurons. 

The findings presented in this study provide a substrate 
for understanding the olfactory neural system required to 
produce flipflop activities, which may be an important signal to 
control oriented zigzagging walking of the male Bombyx. 


SUPPRESSIVE EFFECTS OF CO*#* UPON SPAWNING 
BEHAVIOR AND LATERAL LINE RESPONSE IN THE 
MALE HIME SALMON (LANDLOCKED RED 
SALMON, ONCORHYNCHUS NERKA). 

M.Satou!, H.-A.Takeuchi?, J.Nishii?, M.Tanabe*, S.Kitamu- 
ra’, N.Okumoto°, M.Iwata®. 1Grad. Sch. Integr. Sci., Yokoha- 
ma City Univ., Yokohama, Dep. Biol., Fac. Sci., Shizuoka 
Univ., Shizuoka, *Dep. Math. Engineer. Inform. Phys., Fac. 
Engineer., Univ. Tokyo, Tokyo, “Dep. Biol., Fac. Arts Sci., 
Univ. Tokyo, Tokyo, >Nat. Res. Inst. Aquacult., Nikko 
Branch, Nikko. 


It has long been supposed that the lateral line is involved in 
the schooling as well as communicational behavior of fish, 
although this was not so far confirmed experimentally. In the 
himé salmon synchronous spawning by both sexes is achieved 
by exchanging vibrational signals between the sexes (Satou et 
al. 1991). In the present experiments we examined, by using 
the behavioral as well as electrophysiological methods, wheth— 
er these vibrational signals are processed by the lateral line 
system of the himé salmon. In the behavioral experiment the 
male spawning activity was measured by counting the number 
of occurrences of spawning acts towards the vibrating plastic 
model (Satou et al. 1987), while in the electrophysiological 
experiment the lateral line activity was measured by recording 
the posterior lateral line nerve response to the vibrational 
stimuli. The results showed that both the male spawning 
behavior and the lateral line nerve response were severely 
blocked, if the fish was exposed to 1 mM Co**~containing 
water for more than 1 hour (or 0.1 mM Co”*-containing water 
for more than 14 hours). Since Co** is known to specifically 
block the mechano-electrical transduction by the lateral line 
mechanoreceptors (Sand 1975; Karlsen and Sand 1987), these 
results suggest that the himé salmon use the lateral line sense 
during the male-female interaction for spawning. 
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RESPONSE OF THE PRIMARY LATERAL LINE 
CENTER OF RAINBOW TROUT (ONCORHYNCHUS 
MYKISS) TO VIBRATIONAL STIMULI. 

S. Ueki, M. Satou. Grad. Sch. Integr. Sci., Yokohama City 
Univ., Yokohama. 


Our previous behavioral studies showed that the male and 
female himé salmon (landlocked red salmon, Oncorhynchus 
nerka) communicate each other during the spawning behavior 
by exchanging vibrational signals between the sexes. We also 
suggested that the lateral line nervous system (LLN system 
hereafter) plays an important role in reception and processing 
of these vibrational signals. In the present study, to elucidate 
the mechanism which underlies the sensory information 
processing in the LLN system, we gave vibrational stimuli to 
immobilized rainbow trout (Oncorhynchus mykiss), and the 
consequent responses of the LLN center’ were 
electrophysiologically recorded and analyzed. The stimuli 
were given with a plastic sphere (16 mm in diameter) 
vibrating under the water surface. A number (ranged from 64 
up to 1024) of raw responses (field potential responses) were 
added for the time span of the stimuli and averaged with a 
computer. As a result, it was found that oscillatory field 
potential responses synchronized with the vibrational stimuli 
were evoked from a region in the ipsilateral medulla 
oblongata, the presumed pnmary LLN center. 


TTX-RESISTANT PERSISTENT NA CURRENT 
UNDERLYING ENDOGENOUS PACEMAKER 
POTENTIALS OF TERMINAL NERVE-GNRH CELLS: A 
WHOLE-CELL PATCH-CLAMP ANALYSIS. 


Y. Oka, Zool. Inst., Fac. of Sci., Univ. of Tokyo, Tokyo 


Endogenous regular beating discharges are important 
for the putative nmeuromodulator functions of the 
gonadotropin-releasing hormone (GnRH)-immunoreactive 
terminal nerve cells. By using intracellular current clamp 
recordings from whole brain in vitro preparation of a small 
fish brain, we have already reported that a TTX-resistant 
persistent Na* current, Inasiow: Plays an important role in 
the generation of pacemaker potentials. In the present 
paper, we analyzed the Inasiow Current by using the whole- 
cell patch-clamp technique. TN-GnRH cells were exposed 
and visualized in a whole-brain in vitro preparation by 
gently removing the meningeal membrane. Inasiow WAS 
isolated pharmacologically. Internal Cs* and external 
tetraethylammonium ions were used to suppress 
potassium currents. A combination of internal EGTA, a 
low concentration of external Ca** and a relatively high 
concentration of external Mg?* was used to block calcium 
channels. The conventional fast Na* current, Inetast WAS 
blocked by external TTX (1.5 UM). Inasiow) Was 
characterized by 1) activation below the resting potential 
(about -50 mV), 2) reversal from inward to outward current 
at about +40 mV, near the reversal potential for Na*, 3) 
strong resistance to inactivation. These characteristics are 
quite distinct from those Of Inatasy and are relevant for the 
generation of pacemaker currents characteristic of TN- 
GnRH cells. 


Introduction of rat PO-cDNA into medaka 
eggs and its possible relation to 
behavioral abnormality of transgenic fish 
produced. 
K.Miyaz kil, T.Tsubokgwa~, E.Hiroge’, 
M.Miura*~, J.Matsumoto’, K.Uyemurg - Dept. 
of Biol., Keio Univ., Yokohama, “Dept. of 
Physiol., Sch. of Med., Keio Univ., Tokyo. 
Rat PO-cDNAs with a &-actin promoter are 
introduced into fertilized eggs of medaka 
by means of electroporation. Out of 100 
eggs treated, we obtain 8 transgenic found-— 
ers and subsequent crossing of them yields 
about 150 offsprings. All of these trans-— 
genic fish exhibit behavioral abnormality, 
which is specified with rotatory swimming 
occurring in response to a sudden stimulus. 
When cDNAs, in which its coding region is 
connected with the promoter in an opposite 
direction, are introduced into medaka under 
Similar conditions, little abnormality is 
observed for their behavior. A RT-PCR 
assay uSing rat PO primers discloses that 
cDNA introduced is incorporated into and 
expressed by the genome of transgenic fish. 
An immunohistochemistry using the anti-rat 
PO protein antibody discloses that myelins 
in a transgenic medaka deposit the reaction 
products more densely than those in the 
control. Electron microscopy discloses 
frequent occurrence of disrupted myelina— 
tion in a transgenic fish. Possible asso- 
ciation of rat PO transgenes with 
behavioral abnormality in medaka is 
discussed. 


PHOTORESPONSE OF CHLAMYDOMONAS TO 
POLARIZED LIGHT. 
Kenjiro Yoshimura. Zool. Inst., Fac. of Sci., Univ. 
of Tokyo, Tokyo 

Chlamydomonas is known to show phototaxis to 
weak light and photophobic response to strong light 
stimulation. Recent studies on the photoreceptor of 
Chlamydomonas have shown involvement of 
thodopsin and rapid inward current at the eyespot. 
To characterize the molecular organization of the 
photoreceptor I studied the response to polarized 
light. Single cells of a cell wall deficient mutant 
(CW92) of Chlamydomonas reinhardtii were held 
on a suction electrode and the photoreceptor current 
was measured. An inward photoreceptor current (1- 
6pA) was observed upon light stimulation (duration: 
5ms). The delay between the beginning of the 
stimulus and the onset of photoreceptor current was 
less than lms. The current lasted for 10-15 ms. The 
amplitude of the current changed with the direction 
of the polarization plane. The time course of the 
current was the same as that of the reponse to light 
without polarization. These results indicates an 
ordered organization of the photoreceptor molecule 
at the photoreceptor in Chlamydomonas. 
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SINGLE K* CHANNELS CLOSED BY LIGHT AND 
OPENED BY cGMP OF ONCHIDIUM PHOTORECEPTOR 
CELLS. 

T.Gotowl, T. Nishi2 and H. Kijima3. 
1,2pept. of Physiol., Fac. of Med., 
Kagoshima Univ., Kagoshima and 3Dept. of 
Physics, Fac. of Sci., Nagoya Univ., 
Nagoya. 


Cell-attached and inside-out patch 
recordings were made from extraretinal 
photoreceptors, the photoresponsive neu- 
rones, A-P-1, Es-1 of Onchidium abdominal 
ganglia. Previous reports have shown that 
the photoresponse of A-P-1 or Es-1 results 
from the closure by light of a specific Kt 
channel, which is active during dark. 

After recording this light-sensitive 
channel activity in the intact cell, the 
patch of membrane was detached to form an 
inside-out patch and to expose the intrac-— 
ellular membrane face. Application of CGMP 
to the intracellular face activated chan- 
nels whose properties could then be com- 
pared with the light-sensitive channels 
recorded earlier from the same membrane in 
the intact cell. Channels activated by 
cGMP, but not cAMP, IP3 or Ca2+, were 
indistinguishable from the light-sensitive 
channel recorded in the same patch on the 
basis of some kinetics of their channels. 

Our results provide a new class of Kt 
channel closed by light and opened by cGMP 
(darkness). 


LOCALIZATION OF PHOTORECEPTOR PROTEINS IN 
VERTEBRATE EXTRARETINAL PHOTORECEPTORS. 


T. Yoshikawa! . Y. Yashirol , T. Oishi! , Y. Fukada? , K. 
Kokame> , and T. Yoshizawat Dept. of Biology, Nara 
Women’s Univ., 2Dept. of Basic Science, Univ. of Tokyo, 
3Dept. of Biophysics, Univ. of Kyoto , and 4Faculty of 
Engineering, Osaka Sangyo Univ. 


The existence of extraretinal photoreceptors in the pineal 


complex and deep brain has been known in lower vertebrates. 
Although the photoreceptive function of the pineal complex 
has been investigated well, the exact location and natures of 
the deep brain photoreceptors are not known. In this study 
we tried to localize immunocytochemically the visual 
pigments and signal transduction proteins in the brain of bull 
frogs (Rana catesbeiana) and Japanese quail (Coturnix 
coturnix japonica). Tissues from light- or dark-adapted 
animals were fixed with Zamboni's fixative and/or Bouin's 
solution. We used three antsera against bovine rhodopsin 
(anti-Rh) and a—subunit of bovine rod transducin (anti-Tra) 
and cone transducin (anti-Tca) and the avidin-biotin 
peroxidase system for immunocytochemistry. Some cells in 
the hypothalamus were immunoreactive to all three antisera. 
The shape of these cells were round or spindle with one or 
two immunoreactive nerve processes most of which were 
perpendicular to the venticular surface. Most of the 
immunoreactive cells were observed in the preoptic nucleus 
and suprachiasmatic nucleus. 

Westem blot analysis of the hypothalamic samples showed 
some bands molecular weight of which corresponded to 
photoreceptor proteins. 


EXPRESSION OF RHODOPSIN MUTANTS 
T.Yamaguchi!, O.Hisatomi! and F.Tokunaga? 
l1Dept. of Biol., ?Dept. of Earth and Space 
Sci., Fac. of Sci., Osaka Univ., Osaka. 


Analysis of mutant visual pigments 
are important to clarify the role of each 
amino acid residues. We expressed point 
mutants and chimeric mutants of bovine 
rhodopsin in mammalian cells, and investi- 
gated their photo-reactivities and other 
properties. 

Two asparagine residues (Asp-2 and 
Asp-15) of vertebrate rhodopsins are known 
to be glycosylated. We made a point 
mutant of bovine rhodopsin (BRh-N2Q) in 
which Asp-2 was replaced by glutamine 
residue. Photo-bleaching differrence 
spectrum of this mutant was similar to 
that of wild-type bovine rhodopsin ex- 
pressed in the cultured cells. It is 
suggested that oligosaccaride linked to 
Asp-2 is not essential for expression of 
photo-reactive rhodopsins. 

Lamprey rhodopsin, unlike higher 
vertebrate rhodopsins, bleaches gradually 
in the presence of 100 mM hydroxylamine in 
the dark. We made a chimeric mutant of 
bovine rhodopsin (Chi-LRh), which had the 
amino acid sequence of lamprey rhodopsin 


from Val-258 to Ala-292. Similar to 
bovine rhodopsin, Chi-LRh did not react 
with hydroxylamine. Hydroxylamine sensi- 


tivity seems to derive from the amino acid 
sequences of the other region. 


cDNA CLONING OF CRAB VISUAL PIGMENTS 
K.Sakamoto! , O.Hisatomi?, K.Arikawa!, 
F.Tokunaga? and E.Eguchi!. !Dept. of 
Biol., Yokohama City Univ., Yokohama, 
2Dept. of Biol., Fac. of Sci., Osaka 
Univ., Osaka, *Dept. of Space and Earth 
Sci., Fac. of Sci., Osaka Univ., Osaka. 

In the compound eye of the crab 
Hemigrapsus sanguineus, rhabdom volume 
and the amount of visual pigment chromo- 
phore show circadian changes. But little 
is known whether the expression of visual 
Pigments of the crab is controlled by an 
endogenous circadian clock. So, as a first 
approach to solving the question, we tried 
to clone cDNAs of crab visual pigments. 

We carried out polymerase chain 
reactions (PCR) using crab retinal cDNA as 
a template. Then we obtained two cDNAs 
encoding putative visual pigments of the 
crab. The deduced amino acid sequences of 
these two kinds of cDNAs are about 80% 
identical with each other, and show about 
40% identities with those of visual 
Pigments of Drosophila, the crayfish, the 
octopus and the squid. Judging from the 
amino acid sequences conserved in 
invertebrate visual pigments, these two 
kinds of cDNAs are suggested to encode the 
visual pigments of the crab. 
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cDNA CLONING OF FROG VISUAL PIGMENTS 
S.Kayada!, O.Hisatomi!, C.-H.Kuo?, and 
F.Tokunaga?. ‘Dept. of Biol., Fac. of 
Sci., *Dept. of Pharmacol., Med. Sch. 
3Dept. of Earth and Space Sci., Fac. of 
Sci., Osaka Univ., Osaka. 

Vision of frog is well studied bio- 
chemically and electrophysiologically. 
Frog has at least three kinds of cone 
pigments in addition to rhodopsins. Re- 
cently putative rhodopsin cDNA of leopard 
frog and Xenopus have been reported. 

We carried out polymerase chain 
reacrion (PCR) using frog (Rana catesbei- 
ana) retinal cDNA as a template. Two kinds 
of cDNA fragments (V1 and V8) were ampli- 
fied. The nucleotide identities between V1 
and vertebrate rhodopsins and between V8 
and red-sensitive pigments were both more 
than 75%. A frog retinal cDNA library 
was screened with Vi and cDNA encoding 
putative rhodopsin was cloned. The deduced 
amino acid sequence (354 residues) had 
more than 90% and more than 75% identities 
with those of other two kinds of frogs and 
vertebrate rhodopsins, respectively. 
The isoelectric point calculated from 
the sequence was about 8.2, which is 
located between the values of higher 
vertebrates rhodopsins and cone pigments. 
We expressed the cDNA in cultured mammali- 
an cells. The absorbance maximum of the 
produced pigment was 500 nm, which was in 
agreement with that of frog rhodopsin. 
Therefore, it was concluded that the 
cloned cDNA encoded frog rhodopsin. 


cDNA CLONING OF A GOLDFISH VISUAL PIGMENT 
O.Hisatomi!, T.Satoh!, F.Tokunaga?. 

1Dept. of Biol., and ?Dept., of Earth and 
Space Sci., Fac. of Sci., Osaka Univ., 
Osaka. 


Goldfish was known to have at least 
five kinds of visual pigments absorbing 
light at different wavelength. For kinds 
of cDNA fragments of goldfish visual pig- 
Ments, except the cDNA of UV-sensitive 
visual pigment, have already isolated. 
We tried to isolate the cDNA encoding UV-— 
sensitive visual pigment, and made oligo-— 
nucleotide mixtures that correspond with 
the highly conserved amino acid sequences 
in the vertebrate visual pigments. Using 
these oligonucleotides as primers, a 
genomic DNA fragment of goldfish was 
amplified by polymerase chain reaction. 
The cDNA containing whole coding region 
was isolated from retinal cDNAs of gold- 
fish. The deduced amino acid sequence of 
the cDNA shows about 60% identities to 
those of human blue- and chicken violet- 
sensitive visual pigments, and shows 40- 
50% identities to those of other verte- 
brate visual pigments. This cDNA may 
possibly encode UV-sensitive pigment of 
goldfish. 


cDNA CLONING OF PHOTORECEPTOR-SPECIFIC Ca2*— 
BINDING PROTEINS I 

O. Hisatomi!, S. Matsuda!, S. Kayadal, 

S. Kawamura’, C.-H. Kuo? and F. Tokunaga’. 
Dept. of Biol, Fac. of Sci., Osaka Univ., Osaka. 
Dept. of Physiol., Keio Univ. Sch. of Med., Tokyo, 
3Dept. of Pharmacol., Osaka Univ. Sch. of Med., 
Osaka, “Dept. of Earth and Space Sci., Fac. of Sci., 
Osaka Univ., Osaka. 

a 

S-modulin is a Ca*-—binding protein, and 
acts as a sensitivity modulator in the light adapta— 
tion process of frog rods. We tried to clone the 
S-modulin cDNA, and made oligonucleotide primers 
that correspond to the amino acid sequences 
deduced from the proteolytic fragments of S-— 
modulin. Using these oligonucleotide mixtures as 
primers, a frog cDNA fragment was amplified by 
polymerase chain reaction. Then we screened a 
frog cDNA library, and obtained cDNA fragments of 
about 1000 bases. The deduced amino acid 
sequence contains all the amino acid sequences 
determined with the proteolytic fragments of S— 
modulin. The cDNA fragment we obtained is 
suggested to encode S-modulin. The amino acid 
sequence of S-modulin is approximately 80% identi— 
cal with those of recoverin and 60% with those of 
visinin, a cone-specific Ca*—binding protein of 
chicken. The S-modulin cDNA was inserted into 
an expression vector (pKK233-2) and introduced 
into E-coli, MV1184. Judging from CBB staining 
of SDS poly acrilamide gel electrophoresis, S-— 
modulin was expressed with the amount more than 
1% of the total protein. 


cDNA CLONING OF PHOTORECEPTOR-SPESIFIC 
Ca2+-—BINDING PROTEINS II 

S.Matsuda!, O.Hisatomi? , 

S.Kawamura?, and F.Tokunaga? 

1Dept. of Biol., Fac. of Sci., 

Osaka Univ.,*Dept. of Physiol., Keio Univ. 
3Dept. of Earth and Space Sci., 

Fac. of Sci., Osaka Univ. 


S-modulin is a Ca**—binding protein 


which regulates rhodopsin phosphorylation 
in frog rods. 

S-modulin like protein may exist in 
various vertebrates. So we made 
oligonucleotide primers that correspond 
to highly conserved amino acid sequences 
among S-modulin, recoverin and visinin. 
We carried out the amplifications using 
retinal cDNA of lamprey and killifish 
as templates. The deduced amino acid 
sequences of amplified cDNA fragments 
has 71-82% identities between S-modulin, 
recoverin and visinin. We constructed a 
molecular phylogenetic tree from these 
sequences. It is suggested that there 
are at least two groups in vertebrate 
photoreceptor-specific Ca?*+-binding 
proteins. 

There is another Ca*+-binding protein 

in frog retina. We named this protein S26 
and cloned its cDNA. The deduced amino 
acid sequence is 77% and 67% identical 

to those of chicken visinin and bovine 
recoverin. So frog has two types of 
Ca?*+-binding proteins which are 
classified into S-modulin and visinin 
groups. 
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ISOLATION OF COMPLEMENTARY DNA ENCODING PINOPSIN; 
A PUTATIVE PHOTORECEPTOR IN CHICKEN PINEAL. 

T. Okano’, Y. Fukada’ and T. Yoshizawa*. ‘Dept. of Pure and 
Appl. Sci., College of Arts and Sci., Univ. of Tokyo, Tokyo and 
Dept. of Information Systems Engineering, Fac. of Engineering, 
Osaka Sangyo Univ., Osaka. 


The avian pineal gland has circadian oscillators and photoreceptors 
which regulate the circadian rhythms of production of melatonin. In 
order to reveal the molecular mechanism of biological clock, it is 
important to elucidate the phototransduction pathway in the pineal. 
We first focused our study on the identification and characterization 
of the photoreceptive pigment present in chicken pineal. 

A chicken pineal cDNA library was constructed by using poly(A)” 
RNA isolated from 80 chick pineals. Screening of the library with 
five kinds of cDNAs encoding chicken visual pigments (chicken red, 
green, blue, violet and rhodopsin) resulted in isolation of two cDNA 
clones, P3b and P4b encoding partial amino acid sequences 
homologous to the carboxy! and amino terminal regions of known 
visual pigments, respectively. Then, two oligonucleotide primers 
were synthesized on the basis of the sequences of P4b (sense: 28mer) 
and P3b (antisense: 17mer), which should correspond to 5’ and 3° 
flanking regions of the pineal protein, respectively. A polymerase 
chain reaction in the presence of these synthetic primers with a 
template chicken pineal cDNA gave us a full-length clone of a putative 
photoreceptive pigments which was named "pinopsin" (= pineal opsin). 
Pinopsin was similar (~40% identical) in amino acid sequence to 
thodopsins and other cone visual pigments, and had a lysine residue 
in the seventh membrane-spanning helix, strongly suggesting that 
pinopsin is a pineal photoreceptor. 


HETEROGENEOUS FATTY ACYLATION OF BOVINE 
PHOTORECEPTOR G-PROTEIN o-SUBUNIT. 

Y Fukada’, K.Kokame’, K.Sanada’, O.Shono’, T.Takao’, 
Y.Shimonishi* and T.Yoshizawa’. ‘Dept Pure and Appl. Sci., 
College of Arts and Sci., Univ. of Tokyo, Tokyo, “Inst. Protein 
Res., Osaka Univ., Osaka and *Dept. Information Systems 
Engineering, Fac. of Engineering, Osaka Sangyo Univ., Osaka. 


We and others have recently found a novel heterogeneous 
fatty acylation at the N-terminal glycine residue in the &-subunit 
of transducin (Ta) and 26kDa Ca’*-binding protein in bovine 
photoreceptors. They were modified with four kinds of fatty 
acids consisting of laurate (C12:0), myristate (C14:0) and 
unsaturated C14:1 and C14:2. Structural analyses on the 
unsaturated fatty acids revealed that the positions and geometries 
of the double bonds in C14:1 and C14:2 are cis-A° and 
cis,cis-A° A*, respectively. In order to investigate a physiological 
role of the heterogeneous acylation, we synthesized a nonapeptide 
which corresponds to the extreme N-terminus of To, and the 
peptide was N-acylated with each of the four kinds of fatty 
acids. Then all the acylated peptides showed a competitive 
inhibition on pertussis toxin-catalyzed (TBy-dependent) ADP- 
ribosylation of Ta. This inhibition absolutely requires the fatty 
acylation, and the N-acetylated peptide gave no inhibition. It 
should be noted that each acylpeptide inhibited the reaction within 
a different concentration range, suggesting that each of the four 
sub-types of Tam have distinct affinities for TBy. The 
heterogeneous fatty acylations of photoreceptor proteins might 
play an important role in regulating the photon-signal transduction 
in a wide range of signal intensities. 


INHIBITION OF OPSIN SYNTHESIS BY THE HYPERACTIVA- 
TION OF SIGNAL TRANSDUCTION CASCADE IN DROSO- 
PHILA PHOTORECEPTOR CELLS. 

K. Ozakil, K. Katanosakal, K. Arikawa3, A. Kohno! and F. 
Tokunaga. !Dept. of Biol. and @Dept. of Space and Earth Sci., Fac. 
of Sci., Osaka Univ., Toyonaka, and 3Dept. of Biol., Yokohama City 
Univ., Yokohama. 


Drosophila photoreceptor cells develop regularly aligned microvillar 
structure (rhabdomere) containing visual pigments, rhodopsin. Irradia— 
tion with intense blue light converts approximately 70% of major 
thodopsin (NinaE) to the active state, metarhodopsin, and induces 
prolonged depolarizing afterpotential (PDA) in the peripheral photo— 
receptor cells (R1—6). We recently found that intense blue light also 
causes the inhibition of opsin synthesis by blocking the conversion 
from 37 kDa intermediate to 35 kDa mature opsin. Since blue light 
did not inhibit opsin maturation in norpA mutants, it was elucidated 
that not the excess of metarhodopsin molecules itself but hyperactiva— 
tion of the enzymes in a signal transduction cascade might cause the 
inhibition. We also found that the similar inhibition of opsin synthe— 
sis occurs in rdgA mutants. In rdgA, it was previously shown that 
photoreceptor cells lack subrhabdomeric cistemae (SRC), and the 
supply of photoreceptive membrane is defective. Our present results, 
therefore, suggest that opsin processing from 37 kDa to 35 kDa is 
closely associated with the membrane transport through SRC. We 
thus examined ultrastructual changes of photoreceptor cells caused by 
the blue-irradiation. Ten hour after irradiation, SRC was partly dis— 
appeared, and large invadination of microvillar membrane was ob— 
served. In addition, the length of rhabdomal microvilli was shorter 
than before irradiation. These results again suggest that hyperactiva— 
tion of signal transduction cascade causes the inhibition of opsin 
processing, which is closely associated with the tumover of photo— 
receptive membrane. 


MOLECULAR CLONING OF RAB-FAMILY PROTEINS 
FROM DROSOPHILA RETINA. 

A. Kohno!, F. Tokunaga? and K. Ozaki!. 1Dept. Biol. and 
2Dept. Space and Earth Sci., Fac. Sci., Osaka Univ., Toyonaka. 


In the absence of chromophore 11-cis—3-—OH-retinal, 35 kDa 
mature opsin is not synthesized in the Drosophila R1-6 photo- 
receptor cells. Instead, 40 kDa immature opsin is accumulated 
probably in the endoplasmic reticulum (ER) of these cells. This 
fact indicates that opsin processing and its intracellular transport 
is blocked by chromophore deprivation. Since rab—family pro- 
teins are members of the small molecule G-protein (SMG) 
group, and play an important role in the intracellular vesicle 
transport, we first examined the amount of total SMG extracted 
from the normal or chromophore-free retinas. The results indi- 
cated that total amount of SMG was increased, when chromo- 
phore was absent from retinas. In order to examine whether rab 
proteins are particularly responsible for this change, and also in- 
vestigate its expression and localization in the photoreceptor 
cells, we next carried out molecular cloning of cDNA fragments 
partly encoding the rab-family proteins. Using PCR method, 
we obtained 12 clones, each of which encodes different kind of 
rab proteins. The amino acid sequences deduced from the 
cDNA sequences were then compared with that of other known 
rab proteins. Of these Drosophila rab proteins, three (Drab1, 
Drab2 and Drab11) resemble the corresponding mammalian rab 
proteins (rabl, rab2 and rab11) with 92%, 93% and 89% iden— 
tity, respectively. Since it was suggested that Drab2 was most 
abundant in total Drab proteins, and worked for vesicle transport 
between ER and Golgi membranes, we assume that the expres— 
sion of Drab2 might be activated by chromophore deprivation. 
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GLYCOSYLATION OF MAJOR DROSOPHILA OPSIN. 


K. Katanosakal, F. Tokunaga and K. Ozaki!. !Dept. of Biol. 
and 2Dept. of Space and Earth Sci., Fac. of Sci., Osaka Univ., 


Toyonaka. 


Major Drosophila opsin has two consensus sequences for N— 
glycosylation at Asn20 and Asn196. Recently, we found that, in 
the process of opsin synthesis, the peptide is transiently glycosy— 
lated (40 kDa intermediate), followed by the deglycosylation 
forming mature opsin with no detectable oligosaccharide chain . 

In the present study, we investigated this modification of op— 
sin peptide with oligosaccharide chain, using the cell-free ex— 
pression system. For this purpose, we constructed mutant 
cDNAs of opsin causing the substitution of either Asn20 or 
Asn196 to Ile (N20I and N196I). When wild-type opsin cDNA 
was expressed in this system, three species of opsin peptide with 
different molecular weight were produced. The smallest one 
(36 kDa) was not glycosylated, while larger ones (40 kDa and 
43 kDa) were both glycosylated. In contrast to the wild-type 
opsin, 43 kDa opsin was not synthesized from both mutants 
cDNAs. This fact indicates that 40 kDa and 43 kDa opsins have 
one and two oligosaccharide chains, respectively. Compared 
with N196I, the expression of 40 kDa opsin from N20I cDNA 
was extremely reduced, demonstrating that Asn20 is more re— 
sponsible than Asn196 for opsin glycosylation. 

We next examined opsin glycosylation in the flies transformed 
to express N20I opsin. Since the mutants synthesized 36 kDa 
intermediate instead of 40 kDa, it was shown that the interme- 
diate of N20I opsin has no oligosaccharide chain. Based upon 
above results, we concluded that Drosophila synthesizes 40 kDa 
intermediate of opsin, that is glycosylated at Asn20. 


AN ABSOLUTE STRUCTURE OF VISUAL PIGMENT 
CHROMOPHORE OF DROSOPHILA MELANOGASTER 

— ITS RELATION WITH THE METABOLIC PATHWAY 
T. Seki! and K. Isono?. 

'Dept. of Health Sci., Osaka Kyoiku Univ., 
Osaka and *#RCAIS, Tohoku Univ., Sendai. 

A parasitic fly, Blepharipa sp., on 
Papilio xuthus uses (3S)-1T1-cis 3-OH 
retinal (ret,;) as the visual pigment 
chromophore, although the host uses, 
similarly to a dragonfly, a cicada and a 
moth, (3R)-11-cis ret,;. These results 
suggest that the fly, in contrast with the 
other insects, has a unique substrate 
specificity in the metabolic pathway to 
form the visual pigment chromophore. 

To investigate the metabolic pathway, 
chiralities of the ret, isomers in the 
heads of Drosophila melanogaster reared on 
different retinoid sources were examined. 
When the fly was reared on the yellow corn 
containing xanthophyll (lutein : zeaxan- 
thin : chryptoxanthin = 1: 0.5 : 0.1), 
the isomeric ratio [3R/(3R + 3S)] of all- 
trans ret, was in the range of 0.14 ~ 0.2, 
while the ratio of 11-cis ret, was almost 
0. When the fly was reared on the white 
corn containing about 1 % amount of 
xanthophyll of the yellow corn, §-carotene 
or all-trans retinal was supplied as the 
retinoid source. The isomeric ratio of 
all-trans ret, was 0.2 ~ 0.5 or 0 ~ 0.15, 
respectively, while the ratio of 11-cis 
ret, was almost 0. These results suggest 
that the substrate specificity during the 
formation of all-trans ret, is not so 
strict but the specificity in the 11-cis 
formation is very high. ree% 


STRUCTURE AND FUNCTION OF CALCIUM- 
BINDING PROTEIN FOUND IN THE SQUID 
RETINA. M. Nishimura!, I. Hara-Nishimural, M. Kondol, 
T. Shimada!, A. Terakita?, R. Hara} and T. Hara3. Dept. of 
Cell Biol., Natl. Inst. for Basic Biol., Okazaki, 2Inst. of Biol., 
Fac. of Educ., Oita Univ., Oita and 3Dept. of Biol., Kinki Univ. 
Sch. of Med., Osaka-Sayama. 


In the squid retina, a set of three retinal proteins, 
rhodopsin, retinochrome and retinal-binding protein, 
play a crucial role for maintaining the visual photo- 
reception, forming a recycling system of retinal. In 
relation to the retinal exchange in the rhodopsin- 
retinochrome system, cDNA for a novel Ca2+-binding 
protein was cloned from cDNA library of the retina of 
the squid, Todarodes pacificus. 

The nucleotide sequence of this clone revealed a single 
open reading frame of 1,253 bp encoding 326 amino 
acid residues, equivalent to a molecular mass of 36,765 
daltons. Three EF hand structures ware found in the 
deduced amino acid sequence. The Ca?+-binding protein 
was expressed in E. coli, and specific antibody was 
prepared against the expressed protein. Immunoblotting 
analysis showed that the antibody cross-reacted with 
38-kD polypeptide in each extract from the outer and 
inner segments of the squid visual cells. The binding 
protein was bound to membrane fractions in the presence 
of 1 mM Ca?2+ and was released from the membranes 
by EGTA treatment. The possible function of the Ca2+- 
binding protein in the rhodopsin-retinochrome system 
was also discussed. 


LIGHT-DEPENDENT PHOSPHOLIPASE C IN SQUID 
PHOTORECEPTOR MEMBRANE. 

T.Suzuki!, K.Nagai!, K.Narita2, K. Yoshihara} and Y.Kito2 
1Dept. of Pharmacol., Hyogo Coll. of Med., Nishinomiya, 
2Dept. of Biol., Fac. of Sci., Osaka Univ., Toyonaka, 
3Suntory Inst. for Bioorg. Res., Mishima, Osaka. 


Recent studies suggested that a Gq class G-protein is a 
major GTP-binding protein in cephalopod photoreceptor 
membranes (1, 2). Gq class G-protein is believed to couple to 
phospholipase C (PLC). We studied effects of GTP and light 
on PLC activity in squid photoreceptor membrane. 

Photoreceptor membranes were incubated at 20°C with 
(H]-phosphatidyl inositol-4,5-bis phosphate / phosphatidyl 
ethanolamine mixed vesicles as substrate, and PLC activity 
was determined from liberated [3H]-IPs. PLC was 
membrane-bound form in hypotonic buffer (50 mM Hepes) 
and soluble form in the buffer containing 500 mM KCl. The 
PLC activity was highly dependent on Cat* with optimum 
concentration of 1M. These properties are similar to those of 
mammalian PLC-8. The PLC activity of the membrane was 
stimulated by GTPyS and further by light. 


These results suggest that B-type PLC is activated by light- 
absorbed rhodopsin via G-protein. As the major G-protein in 
the photoreceptor membrane is Gq class, the reactions of PLC 
activation may be the main pathway of phototransduction in 
squid. 


(1) Ryba, Findlay and Reid (1993) Biochem J. 292, 333-341. 
(2) Suzuki, Narita, Yoshihara, Nagai and Kito (1993) Zool. 
Sci.10, 425-430. 


GTP-BINDING PROTEIN IN THE CRAYFISH 
RHABDOMERIC MEMBRANES (PROCAMBARUS 
CLARKII) . 

A.Terakita!, T.Hariyama? and Y.Tsukahara2 
lInstitute of Biology, Faculty of Education, Oita Univ., 
Oita and 2Graduate School of Information Sciences, 
Tohoku Univ., Sendai. 


The molecular interactions in invertebrate photo- 
transduction are still unclear, even at the level of 
rhodopsin-G-protein interactions. In the present study, 
interaction of G-protein with photoactivated rhodopsin 
in crayfish photoreceptor membranes was investigated. 

Protein extracts from the crayfish rhabdomeric 
membranes were irradiated with red light or kept dark, 
and then incubated with anti-rhodopsin antibody- 
agarose (immunoprecipitation). A 42 kDa protein was 
co-immunoprecipitated with irradiated rhodopsin, 
showing light-induced binding to rhodopsin. The 42 
kDa protein reacted with an anti-Ga antibody, and its 
partial amino acid sequence was most similar to 
Drosophila and squid Gqa. We conclude that it is an 
a-subunit of Gq (CGqa). Most of the CGqa was bound 
to irradiated rhodopsin (Rh*) but was dissociated from 
Rh* in the presence of GTPyS. 

Localization of CGqa in the photoreceptor cells 
was examined by using an antiserum against CGqa. 
Heavy staining was observed in the rhabdoms. 

These findings demonstrate that, in the crayfish 
rhabdom, a Gq class of G-protein is activated by Rh*. 


THE BINDING OF INVERTEBRATE VISUAL 
PIGMENTS_ TO BLUE SEPHAROSE CL-6 
M.Seidou~, K.Narita“ and Y.Kito 

Aichi pref. Univ. o Fine Arts and 
Music, Aichi-gun and“Dept. of Biol., 
Fac. of Sci., Osaka Univ., Toyonaka 

The visual pigment of the firefly 
squid, Watasenia scintillans, was ap-— 
plied to Blue Sepharose CL-6B (Pharma- 
cia) column. After the column was washed 
with 25mM MOPS (pH 7.5) containing 0.2% 
sucrose laurate, the visual pigment was 
eluted with the buffer containing 0.5M 
NaCl. 

When the C-terminal region of the 
squid pigment was removed by proteoly- 
sis, the binding was not affected. This 
suggested that the pigment interacts 
with the gel ligand at the region except 
the C-terminus. 

The binding would not result from the 
specific interaction as the analogue of 
a co-factor. The ligand may have some 
specific interaction to invertebrate 
visual pigments because bovine visual 
pigment did not bind to the column but 
the visual pigment of a shrimp, Trac-— 
hypenaeus curvirostris, and the retino- 
chrome of a squid, Todarodes pacificus, 
bound the column. The interaction will 
be useful for the purification of the 
retinochrome and the visual pigment of 
cephalopod and arthropod. 
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MEMBRANE-BOUND GQ AND SOLUBLE GQa-LIKE 
PROTEIN EN SQUID PHOTORECEPTORS 


K.Narita-, T.Suzuki“~, K.Yosihara®, 
M.Seidou~ and Y.Kito 

Dept. of Biol.,,Fac. of Sci., Osaka 
Univ., Toyonaka, 2Hyogo Coll. of Med., 
Nishinomiya, Suntory Inst., Osaka, 


Aichi Pref. Arts Univ., Aichi. 


A 42kD protein in the water-soluble 
fraction of squid photoreceptor cell was 
reacted with Antibody against Drosophila 
Gqa@ subunit. This soluble Gqa-like 
protein is same molecular weight as Gqa 
in the membrane fraction. Amount of the 
soluble protein is comparable to the 
membrane-bound Gqa. We -purified this 
soluble Gqa-like protein. Antibody 
against G@ subunit reacted with 35kD 
protein in the membrane fraction, but 
did not with any proteins in the soluble 
fraction. 

Amount of the solubule Gqa-like pro- 
tein was not changed by light illumina-— 
tion, or by salt concentration, 5mM to 
500mM, or by addition of GTP or AIF, . 
This suggests that the soluble Gqa-like 
protein does not transform to membrane-— 
bound form. Thus, two 42kD proteins 
which reacted with anti Gqa antibody 
are not identical. 

Similar proteins were found in arthro- 
pod photoreceptors. These proteins seem 
to exist generally in rhabdomeric photo- 
receptors. 


PRIMARY STRUCTURE OF TWO VISUAL PIGMENTS 
OF A DRAGONELY, SYMPETRUM FREQUENS, AND 
THEIR DISTRIBUTION IN THE COMPOUND EYE 


K. Arikawa, T. Tsuda, K. Ozaki*, Y. Mishina**. Dept Biol 
& **Kihara Inst Biol, Yokohama City Univ, Yokohama 236, 
*Dept Biol, Osaka Univ, Toyonaka 560 (**present address: 


Univ Texas, MD Anderson Cancer Cr, Houston TX 77030) 


The compound eye of dragonflies have two distinct re- 
gions: dorsal and ventral. The dorsal region of the eye devel- 
ops just before emergence, whereas the ventral region is origi- 
nated from the nymphal compound eye. Known differences 
between these regions include the ommatidial structure, the 
spectral sensitivity, and the molecular species of visual pig- 
ment chromophore. Here we determined the primary structure 
of two opsins of a dragonfly, Sympetrum frequens, and local- 
ized them in the dragonfly retina. 

We first amplified DNA fragments of about 250bp from 
opsin mRNAs by RTPCR using poly-A RNA of the whole 
eye ofSympetrum as the template. The primers used here were 
designed based on two conservative regions of invertebrate 
opsins. We then constructed a cDNA library of Sympetrum 
eye in A-ZAPII vector, and screened the library with the 250bp 
RTPCR product as the probe. By sequencing 9 out of 46 pos- 
itive clones, we identified the cDNA sequences, and thus the 
amino acid sequences of two opsins, Rhl and Rh2. 

We further analyzed the poly-A RNA separately extracted 
from the dorsal and ventral region to determine the distribution 
of two opsins in the retina. Northern analysis demonstrated 
that Rhl was expressed in both regions of the eye whereas 
Rh2 was expressed exclusively in the dorsal region. The result 
was supported by analysis of the restriction enzyme mapping 
of the RTPCR products separately amplified from the dorsal 
and ventral poly-A RNA. The analysis also showed that the 
RTPCR product contained another opsin-like sequence, which 
probably corresponds to the third rhodopsin of the dragonfly. 
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LIGHT DEPENDENT ISOMERIZATION OF ALL-TRANS 3- 
HYDROXYRETINAL TO 11-C/S ISOMER IN THE EYE OF 
A BUTTERFLY, PAPILIO XUTHUS 

Y.Shimazaki and E. Eguchi, 

Biol. Dep. Yokohama City Univ. Yokohama —__— 

Synthesis of visual pigment is regulated by [1-cis retinal or 
equivalent derivatives. The synthesis of 11-cis retinal or 
equivalent derivatives is therefore an important step for visual 
pigment turnover in the eyes. Here we demonstrated in the eye 
of the butterfly, Papilio xuthus, that 11-cis 3-hydroxyretinal (3- 
OH retinal) was supplied by isomerizing all-trans 3-OH retinal. 
The isomerization requres light. 

After dark- or blue light (470nm) adaptation, the eyes were 
isolated and separated into distal and proximal portions. The 
distal portion contained primary pigment cell, the dioptric 
apparatus and less than 35% of retinal tissue. The proximal 
portion contained the retinal tissue and some of the optic lobe. 
Both portions were homogenized and centrifuged (15,680 x g, 
30 min) in phosphate buffer to obtain supernatant (SUP) and 
precipitate (PPT). 3-OH retinoid was extracted separately from 
the SUP and PPT, and analyzed by HPLC. In the blue adapted 
eye, the amount of 1 1-cis 3-OH retinal in the SUP of the distal 
portion was double than that in the dark. 

From the SUP of the dital portion of the dark adapted eye, we 
isolated 3-OH retinal-containing fraction from the rest that 
contains other 3-OH retinoids by ammonium sulfate 
fractionation. Blue light irradiation induced the increase in 11-cis 
3-OH retinal, with a concomitant decrease in all-trans 3-OH 
retinal. Finally, we added all-trans retinal to the SUP of the 
distal portion to confirm that the 11-cis form is really supplied 
from all-trans isomer. The non-native 1 1-cis retinal was detected 
after blue light irradiation. 

These results indicate that the light-dependent isomerization of 
all-trans 3-OH retinal to 11-cis isomer takes place in the tissue 
around the dioptric apparatus. 


REACTION KINETICS OF META II-INTERMEDIATE 
OF RHODOPSIN. 

Y. Shichida, T. Mizukami, H. Imai, T. Okada, Y. Imamoto. 
Dept. of Biophys., Fac. of Sci., Kyoto Univ. Kyoto. 

On absorption of light, rhodopsin converts to a 
physiologically active intermediate, metarhodopsin II, 
which can activate GTP-binding protein, transducin. Since 
the rate of formation and decay of this intermediate is 
closely correlated to the physiological response and 
photosensitivity of rod photoreceptor cells, it is of interest 
to investigate the reaction kinetics of this intermediate. 
Recent accumulated evidences suggested that formation 
process of metarhodopsin II at room temperature is 
apparently different from that at low temperatures, 
suggesting that there present different intermediates 
between room and low temperatures. In order to get a 
clue to the temperature dependence of the bleaching process 
of rhodopsin, we investigated the formation process of 
metarhodopsin II at various temperatures and analyzed by 
singular value decomposition methods. The results showed 
that metarhodopsin I, a precursor of metarhodopsin II, 
formed an equilibrium state with lumirhodopsin as well as 
metarhodopsin II, while no difference in number of 
intermediates appearing at room and low temperatures was 
observed. Therefore, the apparent difference in reaction 
pathway between room and low temperatures is due to the 
difference in temperature dependence of the 
thermodynamic character among lumi- meta I- and meta 
II-intermediates. 


EFFECT OF ANIONS ON THE THERMAL REACTIONS 
OF META-INTERMEDIATES OF IODOPSIN. 

Y. Imamoto', S. Tachibanaki', H. Imai’, T. Mizukami’, Y. 
Shichida' and T. Yoshizawa’. ‘Dept. of Biophys., Fac. of 
Sci., Kyoto Univ., Kyoto, and "Dept. of Information Systems 
Engineering, Fac. of Engineering, Osaka Sangyo Univ., 
Daito. 

Iodopsin is a red-sensitive cone visual pigment extracted 
from chicken retina. In the photo-bleaching process, it 
has the intermediates similar to metarhodopsins I and I in 
the spectral properties. Therefore, the metarhodopsin 
II-like intermediate is thought to be the intermediate which 
activate the transduction system in the cone cell. In the 
present experiments, we studied the thermal reaction of 
the meta-intermediates of iodopsin by time-resolved low- 
temperature spectroscopy. 

Metaiodopsin I decayed to all-trans-retinal and photopsin 
through metaiodopsins II and III, but the simultaneous 
recovery of iodopsin was observed in each transition step. 
The recovery of iodopsin was suppressed in the nitrate- or 
gluconate-replaced buffer, suggesting that the movement 
of chloride is involved in the later photo-bleaching process 
of iodopsin. The life-times of meta-intermediates of io- 
dopsin were shorter than those of rhodopsin as those of 
chicken green-sensitive pigment, but they became extreme- 
ly longer in the nitrate buffer. It suggests that the chloride 
is required for rapid formation and decay of metaiodopsin 
II, which are essential properties for cone visual pigments. 


LOW TEMPERATURE SPECTROSCOPIC ANALYSIS 
OF A BOVINE RHODOPSIN MUTANT. 

D. Kojima’, Y. Shichida', T. Yamaguchi’, O. Hisatomi”, 
F. Tokunaga’ and T. Yoshizawa’. ‘Dept. of Biophys., 
Fac. of Sci., Kyoto Univ., Kyoto, "Dept. of Biol., Fac. of 
Sci., Osaka Univ., Toyonaka, and *Dept. of Information 
Systems Engineering, Fac. of Engineering, Osaka Sangyo 
Univ., Daito. 


Palmitoylation of two cysteine residues (C322 and 
C323) in the carboxyl-terminal region of bovine rhodopsin 
is thought to be essential for the formation of an extra-loop 
which can interact with a GTP-binding protein (transducin) 
in the phototransduction cascade. Here we investigated 
the effect of palmitoylation on the thermal behavior of the 
active intermediate of rhodopsin (metarhodopsin II), by 
using a site-directed mutant of bovine rhodopsin. 

A rhodopsin mutant C322/323S, where the two cysteine 
residues were replaced with serine residues, was expressed 
in a human embryonic kidney cell line 293S and extracted 
with 0.75 % CHAPS and 1.0 mg/mL PC. Low temperature 
spectroscopy showed that the mutant C322/323S converted 
to metarhodopsin II whose formation and decay were almost 
identical with that of wild-type rhodopsin. These results 
indicated those the palmitoylation of rhodopsin has no 
effect on the structural changes of the protein, although 
conversion of rhodopsin to metarhodopsin II accompanies 
the conformational changes of the loop. 


PHOTOBLEACHING PROCESS OF CHICKEN BLUE- 
SENSITIVE CONE VISUAL PIGMENT. 

H. Imai’, Y. Imamoto', T. Mizukami', Y. Shichida’ and 
T. Yoshizawa’.'Dept. of Biophys., Fac. of Sci., Kyoto 
Univ., Kyoto, and *Dept. of Information Systems Engi- 
neering, Fac. of Engineering, Osaka Sangyo Univ., Daito. 


In vertebrate retina, rod contains only a single form 
of visual pigment, rhodopsin, while cones contain multiple 
types of visual pigments. Cone pigments are classified 
into four groups (groups S, M1, M2 and L) on the basis 
of their primary structures and absorption maxima. Inves- 
tigation of chicken green and chicken red (iodopsin), which 
are classified into group M2 and L, respectively, suggested 
the typical properties of photobleaching processes of cone 
pigments. Namely, the lifetimes of meta-intermediates of 
these pigments are shorter than those of metarhodopsin. 
In order to confirm that these properties are common in 
all the cone pigments, we studied photobleaching process 
of chicken blue which is classified into M1 group, by 
low temperature spectroscopy. 

Like other visual pigments, chicken blue converted 
to the intermediates corresponding to meta I and meta II 
intermediates. These intermediates decayed with the time 
constants similar to those of green and red, but different 
from those of rhodopsin. These results support our idea 
that difference between rod and cone pigments is charac- 
terized by the formation and decay rates of photobleaching 
intermediates. 


MOSAIC-LIKE ARRANGEMENTS OF VISUAL 
CELLS IN FILEFISH RETINA. 

K. Kawamata and K.Suzuki 

Fac. of Educa., Akita Univ., Akita. 


We have studied the mosaic-like arrangements of visual cells 


in filefish (Novodon modestus) retina. The final aim of the 
present study is to establish the connectivity of cones and 
honzontal cells. 

We found that the dorsal retina possesses a type of mosaic 
different from that in the ventral part. In both paris, single 
cones and double cones are the main constituents of the mosaic. 
Rods do not conform to the regular arrangements. In the 
ventral retina, the rows of single cones are located at right 
angles, double cones are arranged in this lattice in such a way 
that the clefts which separate the double cone partners are 
oriented parallel to each other. This results in a "square 
mosaic". In such a square pattern, single cone is situated at the 
intersection of the double cone clefts (central portion). 
Additional single cones are found in the dorsal retina. This 
single cones are located in the corners of the square units. In 
both parts, these regular arrangements are found in all sections 
through the different regions ( outer segments, inner segments, 
axons and axon terminals) of the visual cells. Due to such 
mosaic pattern of cones, the different types of pedicles can 


easily be identified at the level of the outer plexiform layer. This 


offers advantage to examine their connections with honzontal 
cells. 
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FURTHER INVESTIGATION OF THE PHOTO- 
RECEPTOR CELLS IN THE SIPHON OF THE CLAM, 
TAPES (AMYGDALA) PHILIPPINARUM. 

H. Karakisawa'' K, Ohtsu | and Y. Kito* 

'| Ushimado Marine Lab., Okayama Univ., Okayama 
2. Dep. Biol., Osaka Univ. Toyonaka, Osaka. 


As reported before, we tried to identify the 
photoreceptor cells in the siphon of Tapes with no 
differentiated eye by using anti-squid opsin serum 
(mouse) in combination with FITC-conjugated anti-mouse 
IgG. The technique, however, was accompanied by 
autofluorescence in the external and internal epithelial 
cells of the siphon. 

To eliminate the autofluorescence, we examined the 
siphon by means of Streptavidin-Biotin method (Nichirei) 
coupled with the same antiserum. The specific reaction 
was found in the microvillar layers of both epithelial cells 
in addition to the granular cells located in the inner wall of 
the siphon, cofirming the results obtained by the FITC- 
method. 

To obtain evidence about the photoreceptor cells in the 
siphon, retinal, the chromophore of rhodopsin, was 
assayed by means of HPLC. Possible retinal fractions 
were then reduced by NaBH, to convert retinals into 
retinols because peaks of retinal isomers were masked by 
those of unknown contaminants. Significant amounts of 
11-cis and all-trans retinols were obtained after 
reassaying the fractions by HPLC, suggesting that the 
siphon of Tapes contains the photoreceptor cells. 


RESPONSE PROPERTIES OF XENOPUS 
CHEMORECEPTORS FOR ASTRINGENT 
COMPOUNDS. 

Y. Moriyama, K. Hisadome and S. Yamashita. Dept. 
of Biol., Coll. of Lib. Arts and Sci., Kagoshima Univ., 
Kagoshima. 

Integrated neural responses to various astringent 
compounds were recorded electrophysiologically from 
the glossopharyngeal nerve of the aquatic toad, 
Xenopus laevis. Characteristic properties of the 
responses were as follows: 1) the response is composed 
of the phasic component alone. 2) the response seems 
not to saturate at even 10 mM, the highest 
concentration tested. 3) after the application of 
astringent stimuli responses to any other taste stimuli 
are extremely depressed. The decrement of the 
response to tannic acid caused by repetitive stimulation 
could be recovered by treating oral taste receptors 
with dimethyl] sulfoxide , NN-dimethyl formamide and 
2-pyrrolidone, which are oxidizing agents and have 
hydrophobic residues. These substances may 
effectively remove molecules of the astringent 
compounds that probably bind to membrane bound 
protein associated with taste transduction. 
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OVARIAN ECDYSTEROIDS IN THE TERRESTRIAL 
ISOPOD, ARMADILLIDIUM VULGARE, 

S. Suzuki1, K. Yamasaki2, Y. Mamiya3, H. 
Tutumi3 , H. Tokushige3 and H. Sonobe3. 


1Biol. Lab., Kanagawa Pref. Col., Yokohama. 
2Dept. of Biol.,Tokyo Metropol. Univ.,Tokyo. 


3Dept. of Biol., Konan Univ., Kobe. 


In many crustacean species, the female 
reproductive cycle is synchronous with the 
molting cycle. However, the mechanism of 
hormonal control on _ reproductive process 
has not yet been clarified. In order to 
obtain a clue as to the hormonal control on 
female reproduction, free and conjugated 
ecdysteroids in the maturing ovaries of A. 
vulgare were analyzed using reverse phase 
HPLC and RIA. 

The free ecdysteroid fraction was pre- 
dominantly composed of 20-hydroxyecdysone 
(20E), ecdysone and ponasterone A (Po A). 
When the conjugated ecdysteroid fraction 
was incubated with Helix enzyme, 20E and 
Po A were principally detected. These ecdy- 
steroids were also efficiently released 
from the conjugated ecdysteroid fraction 
upon incubation with alkaline phosphatase, 
suggesting that 20E and Po A are phosphoric 
esters. 

Present data show a possibility that 
ecdysteroids in the ovaries of A. vulgare 
may be related to the control mechanism of 
ovarian maturation. The correlation 
between ecdysteroids in the ovaries and the 
reproductive cycle is now under investi- 
gation. 


THE INHIBITORY EFFECT OF ManducaFLRFamide ON 
THE MIDGUT MOTILITY OF A SPHINGID MOTH, 
Agrius convolvuli. 

Y.Fujisawal, M.Shimoda?, K.Kiguchi2, T. 
Ichikawa? and N.Fujita!. lInternational 
Res.Labs.,Ciba-Geigy Japan Ltd., Takarazuka, 
2Natl.Inst.of Sericultural and Entomological 
Sci., Tsukuba and 3Dept.of Biol., Fac.of 
Sci., Kyushu Univ., Fukuoka. 

The sweet potato hawkmoth, Agrius 
convolvuli, is a new experimental insect 
which is closely related to the tobacco 
hawkmoth, Manduca sexta. We used this 
insect to investigate the physiological role 
of a FMRFamide-family peptide originally 
isolated from the CNS of Manduca. We found 
that ManducaFLRFamide potently suppressed 
the spontaneous contractions of the midgut 
of Agrius at 10-19 M or higher. The 
inhibition was very strong but reversible, 
supporting the notion that the peptide may 
act as a physiological regulator of the 
digestive tract in Agrius. In addition, we 
also showed that there exists the FMRFamide- 
like immunoreactivity in the brain, 
suboesophageal ganglion and corpora cadiaca 
and corpora allata of Agrius. Since 
ManducaFLRFamide was originally isolated 
from these tissues in Manduca, these 
findings suggest that Agrius also possesses 
ManducaFLRFamide or its closely related 
peptide, and that the peptide may regulate 
the motility of the midgut of the moth. 
Simultaneously, the present study verifies 
that Agrius is a useful experimental insect 
which can be comparable to Manduca. 


EXPRESSION OF ECDYSONE OF MANDUCA SEXTA 

H. Fujiwara and L. M. Riddiford 
Department of Zoology, University of 
Washington, WA98195, USA 

Using Drosophila ecdysone receptor 
(EcR) cDNA clone, we isolated three genom— 
ic clones for EcR from the tobacco horn- 
worm, Manduca sexta. Partial sequencing of 
one of three clones and of a cDNA fragment 
obtained by RT-PCR showed 97% amino acid 
identity with the DNA binding region of 
Drosophila EcR. 

The cDNA probe hybridized mainly to a 
Single 6.0kb message in both larval and 
pupal wing discs and abdominal epidermis. 
During the final instar, peak expression 
was maximal in the epidermis at wandering 
and in the wing discs one day later, 
whereas in the prothoracic gland EcR 
expression was maximal on day 2. During 
the onset of adult development, however, 
two peaks of EcR expression were observed 
from day 3 to day 5 and on day 8 after 
pupal ecdysis. These two peaks are corre- 
lated with the time of increasing titers 
of ecdysone and 20-hydroxyecdysone, re- 
spectively. The EcR expression peaks 
always precede the large ecdysteroid peak, 
suggesting that the transcription of the 
EcR gene is induced by a low concentration 
of ecdysteroid in vivo. Consistent with 
this interpretation, mEcR expression was 
induced by 20-hydroxyecdysone in the in 
vitro culture system. This induction was 
independent of protein synthesis and not 
affected by JH addition. 


PHOTOPERIODIC CONDITIONS FOR PUPAL DIAPAUSE 
IN SAMIA CYNTHIA PRYERI (LEPIDOPTERA, SATUR- 
NIIDAE) 

A.Koenuma, Dept.Biol.Fac.Sci.Shinshu Univ. 
Matsumoto. 

A wild silkworm, Samia pryeri, are 
known as the one of monovoltine insects in 
out door field near Matsumoto city. This 
species winters as the diapausing pupa. But 
in our laboratory, it often gives rise to 
non-diapause pupa, and it develops to the 
second generation. The reason why the non- 
diapause pupa give rise in the laboratory, 
the photoperiodic conditions for the in- 
duction of pupal diapause of this worm were 
investigated. In the long-day condition, 
16L-8D, every pupa was kept non-diapause, 
while in the short-day condition, 14L-10D, 
every pupa was kept diapause. Thus a possi- 
bility was suggested that the larvae hatch- 
ed in early Summer have two generations a 
year in the out door field near Matsumoto 
city, for the length of day time exceeds 15 
hours during about two weeks of late June. 
But in the out door field, the none of the 
larvae of the second generation grows to 
pupae for both the decrease of the growth 
rate with the decrease of the temperature 
and the defoliation of the feed plant, Ali- 
anthus altissima, in Autumn. Thus it is 
reasonable to regard as this species is 
kept one generation a year in the out door 
field near Matsumoto city. 
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UNIDENTIFIED JUVENILE HORMONE THAT 
REGULATES ADULT DIAPAUSE IN HETEROPTERAN 
INSECTS. 

T. Kotaki. Dept. Insect Physiol. & 
Behaviour, Natl. Inst. Sericul. & Entomol. 
Sci., Tsukuba. 


Adult diapause in heteropteran 
insects is regulated by the juvenile 
hormone (JH) secreted from the corpora 
allata (CA). The chemical characterization 
of JH in this group has not been fully 
elucidated yet. To understand the 
chemistry of JH, I adopted a radiochemical 
assay technique which had been developed 
for other insects to measure JH- 
biosynthetic activity in vitro; CA from 
several heteropteran insects were 
incubated in a medium containing 
tritiated methionine. TLC analysis of the 
products released from CA suggested that 
the JH of these heteropterans had a 
different chemical structure from that of 
any known JHs. An addition of a precursor 
of JH III (farnesoic acid or farnesol) to 
the culturing medium stimulated the CA to 
release a certain product, just like the 
cases known for other insects. In 
heteropterans, this stimulatory effect was 
observed not only in active CA from non- 
diapause females but also in inactive CA 
from diapausing females. I will discuss 
these similarities and differences between 
known JHs and the heteropteran "JH". 


PROGRAMMED CELL DEATH IN FLIGHT 
MUSCLE BREAKDOWN OF ALATE APHID. 


M. Kobaysahi and H. Ishikawa. Zool. Inst., Fac. of 
Sci., Univ. of Tokyo, Tokyo. 


In alate adults of an aphid, Acyrthosiphon pisum, 
their indirect flight muscles normally degenerate 
following migratory flight and feeding. When starved, 
they do not initiate flight muscle breakdown until they 
are fed again. Previously, we demonstrated that flight 
muscle breakdown is accompanied with changes in the 
protein syntuesis in the muscles and requires de novo 
eyuihesis of specific proteins, the result which led us to 
the conclusion that the flight muscle breakdown in 
alate aphid consists of a sort of programmed cell death. 
One major purpose of this study is to identify the 
humoral factors that control this process. 

It turned out that while starvation of alatae prevents 
their flight muscles from breakdown, treatment of 
starved alatae with a JH analogue, Pyriproxyfen, 
induces the muslce breakdown as a result of accumula— 
tion of Pia incon peated proteins. Treatment of 
altae with a corpus allatum inhibitor, Precocene 2, 


prevented the flight muscle breakdown through inacti- 
vating their feeding behavior by driving them to super— 
fluous flight. 

These results suggested that breakdown of the indi- 
tect flight muscles of alate aphid consists of ubiquitin— 
dependent, programmed cell death that is triggered by 
a rise of the JH titer in the insect. 


PREPARATION AND CHARACTERIZATION OF ANTI- 
BODIES AGAINST 3B-HYDORXYSTEROID DEHYDRO- 
GENASE/A*“-ISOMERASE (3B-HSD) 

T. Kobayashi’, X-T. Chang’’, T. Miura’ and Y, Nagahama’. 
Lab. of Reprod. Biol., Natl. Inst. for Basic Biol.,’ and Dept. 
Mol. Biomechanics, School of Life Science, Grad. Univ. for 
Advanced Studies”, Okazaki 444. 


The enzyme, 3B-HSD, is a key enzyme involved in the bio- 
synthesis of all classes of steroid hormones. This enzyme 
catalyzes the dehydrogenation and isomeraization of 3B- 
hydroxysteroids to form biologically active 3-ketosteroids. In 
this study, a polyclonal antibody against 3B-HSD was raised 
using a 12 amino acid oligopeptide (5'TCALRPMYIYGE-3’), 
which is conserved in all 3B-HSD homologues described to 
date (human, rat, mouse, bovine and rainbow trout), as an 
antigen. | Western immunoblot analyses showed that this 
antibody specifically recognized 44 kDa protein in extracts 
from COS-1 cells transfected with a rainbow trout full-length 
3B-HSD cDNA. The 3B-HSD antibody also cross-reacted 
with 42 kDa protein in testis (mitochondrial and microsomal 
fractions) and head kidney (steroid-producing cell-rich re- 
gions) of Japanese eel. The immunoreactivity increased in 
testes treated with gonadotropin for 1-3 days. 


THE ANNUAL CHANGES OF SEX STEROIDS IN 
FECES OF HOUSE SWIFTS 

H.Sakai, M.Sato and S.Wakabayashi. Dept. 
of Biol., Nihon Univ. Sch. Dent., Tokyo. 


The amount of testosterone and estradiol 


-178 was measured from the droppings of a 
colony of house swifts, Apus affinis. The 
period of collection ranged from March 
1992 to April 1993, bi-weekly from 6 
o'clock in the evening to 10 the next day 
at Shizuoka City, Japan. Individual 
droppings were homogenized in distilled 
water and the supernatant was obtained, to 
which was added diethylether and replaced 
Dy phosphate buffer to make specimens. 
House swifts repeatedly breed from April 
to December, which coincided with the 
increase in the above two hormones: both 
Showed the maximum values per dropping (T: 
148, £2: 55.7 pg) in April and decreased 
to 17:2.70 and E2: 2.30 pg in November, 
remaining in the latter value ranges until 
January. Between April to December, the 
increase and decrease in the _ fecal 
hormones were repeatedly observed. This 
fluctuation may reflect the increase in 
the blood sex Steroid hormone 
concentrations prior to oviposition and 
decrease during incubation and feeding 
periods. 


126 Endocrinology 


DISTINCT TESTOSTERONE-DEPENDENCE OF TWO 
SONG BEHAVIORS IN THE BENGALESE FINCH, 
LONCHURA STRIATA 

M.Ikeda', H.-A.Takeuchi? and K.Aoki! 

1:Life Sci. Inst., Sophia Univ., Tokyo 

2:Dept. of Biol., Fac. of Sci., Shizuoka Univ., Shizuoka. 


Males of the Bengalese finch have two types of song 
behavior, directed song (DS) destined for intraspecific 
females and undirected song (US) released solitarily. 
Although these two songs share basically identical song 
elements and sequence pattem in common, they are 
considered to differ in their dependence on the circulating 
testosterone (T) level. By measuring the fecal T-level 
and the amount of two songs (duration of DS and 
frequency of US), we obtained three lines of evidence 
supporting this idea. 

1) While only mature males produced full DS, both 
immature and castrated as well. as mature males raised a 
large amount of US. Amount of DS, but not US, 
significantly correlated with T-level among individuals. 

2) Castration significantly reduced the duration of DS, 
and this reduction was counteracted by T substitution. 
But the frequency of US was not significantly influenced 
by these manipulations. 

3) Through the course of maturation, an increase of the 
T-level was followed by an occurrence of DS. US, on 
the other hand, appeared at much younger stages when 
T was at very low level, and showed little quantitative 
fluctuation correlated with the change of the T-level. 

These results suggest that US is much less 
dependent on T-level than DS. We discussed the 
functional significance of US behavior with reference to the 
life style of Estrildid finches (the family including the 
Bengalese finch). 


ISOLATION OF THE OPIOID PEPTIDE, METHIONINE- 
ENKEPHALIN, FROM THE BRAINS OF THE JAPANESE QUAIL. 
T. Kotegawa’, T. Takahashi’, K. Tsutsui’, T. Ikeda“, H. 
Minakata* and K. Nomoto* 

' Fac, Integrated Arts and Sci., Hiroshima Univ., Higashi- 
Hiroshima; * Suntory Inst., Bioorganic Res., Osaka. 


In birds sex steroids act on the preoptic and hypothalamic 
areas in the brain to bring about the aggressive behavior. 
Although little information has been available on the 
neurochemistry of the control system of the behavior, some 
bioactive substances such as neuropeptides are supposed to be 
implicated in the regulation of hormone dependent behavioral 
processess in birds. To clarify the regulatory mechanism of the 
avian aggressive behavior, it is first necessary to isolate 
bioactive substances from the brain and to examine their 
effects on the behavior. The present study was conducted to 
isolate bioactive substances from brain extracts of the adult 
male Japanese quail which is one of most aggressive birds. The 
extracts were forced through C-18 reverse-phase column. The 
retained material was subjected to cation-exchange and 
reverse-phase HPLC purification. A purified bioactive 
substance was further subjected to amino acid sequence 
analysis and determined to be the pentapeptide, methionine 
(Met)-enkephalin. To our knowledge, this is the first 
demonstration of the presence of opioid peptides in avian 
brains. It has also been described as having a distribution of 
Met-enkephalin-like immunoreactivity in the hypothalamus in 
several avian species. These results lead us to suppose a 
functional role for Met-enkephalin in neural mechanisms 
regulating the avian aggressive behavior, but further study is 
necessary to establish this hypothesis. 


ANDROGENIC REGULATION OF B-TUBULIN mRNA 
EXPRESSION IN THE MOTONEURONS OF LUMBAR 
SPINAL CORDS IN ADULT MALE RATS. 

A. Matsumoto (1), Y. Arai (1) and S. Hyodo (2). (1) Dept. 
Anat., Juntendo Univ. Sch. Med., (2) Dept. Biol., Coll. Arts & 
Sci., Univ. Tokyo, Tokyo 


Androgen has been reported to play a key role in reorganiz— 
ing the neuronal elements and synaptic connections in andro— 
gen-sensitive motoneurons in the spinal nucleus of the bulbo— 
cavernosus (SNB). As one step to clarify molecular mecha— 
nisms of androgen for neuronal plasticity, we examined 
androgenic regulation of the expression of P-tubulin mRNA 
in the SNB motoneurons of adult male rats. Adult male rats 
(Wistar) were castrated and implanted with Silastic tubes 
containing testosterone or nothing under Nembutal anesthesia. 
Animals were sacrificed 4 weeks later. A complementary 
DNA encoding mouse $-tubulin (a gift from Dr. M. Tsuda, 
Okayama Univ.) was applied to in situ hybridization histo— 
chemistry on paraffin sections of the lumbar spinal cords. 
Autoradiographic signals for B-tubulin mRNA were found to 
be localized on the somata and proximal dendrites of SNB 
motoneurons. The number of autoradiographic signals for B- 
tubulin mRNA in castrates was significantly smaller than that 
in controls. The value in castrates given testosterone was not 
significantly different from that in controls. On the contrary, 
castration of testosterone treatment did not induce any changes 
in the expression level of B-tubulin mRNA in the androgen— 
insensitive motoneurons of the retrodorsolateral nucleus. 
The evidence that the removal of testosterone by castration 
reduced the number of signals for B-tubulin mRNA in the 
SNB motoneurons, and that the change was prevented by 
testosterone treatment suggests that androgen regulates ex— 
pression of §-tubulin gence in androgen-sensitive SNB 
motoneurons. 


Androgenic Regulation of Reflexive and 
Psychogenic Erection in Rats. Y.Kondol, 
.C.Liu“, B.D.Sachs“, and K.Yamanouchil. 
Dept. Basic Human Sci., Waseda Univ., 
Tokorozawa, Saitama, “Dept. Psychol., Univ. 
Conn a Ciy Ur SrA 


Penile erection is an essential 
component of male copulatory behavior, and 
androgen is known to act (a) in the brain 
to promote copulatory behavior and (b) in 
the brain, spinal cord, and penis to 
facilitate erection. The role of androgen 
in regulating spontaneous erection and 
reflexive erection (RE) is well 
established, but its role in psychogenic 
erection (PGE) in rats has not been 
explored. To begin this exploration, male 
rats were tested for RE and PGE after 
castration and testosterone (T) 
replacement. 

RE was evoked from restrained supine 
Males by retracting the penile sheath from 
the glans penis. For PGE tests, a freely 
moving male was observed in the presence of 
an estrous female, separated from the male 
by a double wall of wire mesh, which 
prevented direct contact between animals. 

The expression of RE was reduced, but 
not eliminated, by castration, and RE 
largely recovered within 24 hr after s.c. 
implantation of capsule filled with T. PGE 
was not present after castration, but was 
expressed after T treatment, suggesting 
that PGE in rats is also under androgenic 
control. 
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EFFECT OF BACLOFEN ON LORDOSIS IN FEMALE 
RATS WITH DORSAL RAPHE NUCLEUS LESION. 
M. Kakeyama and K. Yamanouchi. 
Neuroendocrinology, Dept. of Basic Human 
Sciences, Sch. of Human Sciences, Waseda 
Univ. ,Tokorozawa. 


In order to clarify roles of the GABA 
neurons and the dorsal raphe nucleus (DR) 
in lordosis regulation in female rats, 10 
mg/kg baclofen, GABA, receptor agonist is 
injected to estrogen-primed ovariectomized 
rats with or without DR lesions and female 
sexual behavior was observed. DRL females 
showed higher level of lordosis quotient 
(LQ), and baclofen-treated females showed 
lower LQ, than control females. These 
results suggest that the DR and GABA 
neurons have an inhibitory role in lordosis 
regulation. Furthermore, baclofen-treated 
DRL females showed comparable levels of LQ 
as vehicle-treated DRL females. This 
suggests that baclofen inhibits lordosis 
through the inhibitory function of the 
dorsal raphe nucleus in lordosis regulating 
system. 


IMMUNOHISTOCHCEMICAL LOCALIZATIONS OF EGF 
IN THE DEVELOPING RAT GONADS. 

Y. Kanno, S. Koike and T. Noumura. Dept. 
of Regul. Biol., Fac. of Sci., Saitama 
Univ., Urawa. 


To examine the participation of EGF in 
rat gonadal differentiation, immunohisto- 
chemical localizations of EGF were studied 
in perinatal Sprague-Dawley rat gonads 
from gestational day (GD) 13 to postnatal 
day (PD) 21. 

Positive reactivity was detected in most 
of cell types in the prenatal male gonads. 
Male germ cells showed positive reactions 
from GD 15 to 21. Moderate or marked 
staining was observed in the Sertoli/sup- 
porting cells from GD 13 to 21 and the 
Leydig/interstital cells from GD 15 to 21. 
After birth, positive staining was not 
obtained in any types of cells other than 
germ cells in male gonads through PD 21. 
On the other hand, in the prenatal female 
gonads positive signs were found in the 
interstitial cells from GD 14 to 21 and in 
the granulosa cells on GD 21. During the 
postnatal period, the granulosa and theca 
cells were slightly positive and the 
interstitial cells were moderately stained 
from PD S to 21. 

These results indicate that EGF is 
expressed in the stage- and cell-specific 
patterns in the developing rat gonads and 
may participate in rat gonadal development 
and differentiation. 


PARTICIPATION OF GROWTH FACTORS IN RAT 
GONADAL DEVELOPMENT IN VITRO 
S.Koike! and T.Noumura. Dept. of Regul. Biol., Fac. of 
Sci., Saitama Univ., Urawa. ‘Pathol. & Toxicol. Res., 
Upjohn Pharmaceuticals Ltd., Tsukuba. 


To clarify the participation of growth factors in 
the development of Sprague-Dawley rat gonad, undiffer- 
entiated gonadal primordia with the mesonephric 
tubules on the gestational day 13 were cultured in vitro 
for 4 days in CMRL-1066 medium with anti-inhibin-a 
serum, TGF-8, EGF, testosterone (T) or estradiol-17B 
(E,), and then fixed, stained and examined the tubule 
formation, germ cell division, and Wolffian and 
Miillerian duct development, morphologically. 

In male gonads, anti-inhibin-a serum suppressed 
the seminiferous tubule formation but TGF-8, EGF or 
steroids did not affect to tubule formation, germ cell 
proliferation or duct development. Seminiferous tubules 
in male gonads cultured in anti-inhibin-a serum were 
incomplete and irregular-shaped. On the other hand, in 
female gonads, anti-inhibin-a serum led to the necrosis 
of germ cells but other factors affected to neither sex 
cord formation nor germ cell division. T and E, 
stimulated female Wolffian and Millerian duct 
development, respectively. 

These results indicate that inhibin and/or inhibin- 
a subunit may participate in the seminiferous tubule 
formation and germ cell division in developing rat 
gonads. 


EFFECTS OF GROWTH FACTORS ON 
DEVELOPMENT OF MALE REPRODUCTIVE 
ORGANS IN MICE. 
Y. Fukazawa and T. Iguchi. Graduate School of 
Integrated Science, Yokohama City Univ., 
Yokohama 

We established a serum-free organ culture system 
using collagen gel to investigate roles of several 
growth factors on the development of male 
reproductive organs in mice. Ham's F-12 and 
DMEM (1:1) solution supplemented with bovine 
serum albumin, insulin, cholera toxin and 
transferrin was used as basal medium in the 
present study. Newborn mouse urogenital sinus 
(UGS) and ductus deference (DD) were cultured for 
5 days on collagen gel matrix using a serum-free 
media with or without growth factors and steroid 
hormones: testosterone (T; 10-7 M), 
dihydrotestosterone (DHT; 10-7 M), 17B-estradiol 
(E2: 10-7 M), mouse epidermal growth factor (EGF; 
1, 10, 100 pg/ml) or human transforming growth 
factor-a (TGF-a; 1, 10 ug/ml). DNA amounts in the 
cultured UGS and DD with T, DHT or Eg increased 
up to those of UGS and DD from 5-day-old mice. 
EGF inhibited the morphogenesis of seminal vesicle 
(SV), but stimulated the development of prostatic 
buds. TGF-a, however, showed only stimulatory 
effect on prostatic buds. These findings suggest 
that EGF and TGF-a do not mediate the action of T 
on SV,.and both growth factors have tissue specific 
actions on the development of UGS and DD in vitro. 
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THE DEVELOPMENTAL PATTERN OF PROGESTERONE 
RECEPTOR EXPRESSION IN RAT UTERUS. 

Y. Ohtal, A. Suzuki? and T. Iguchi? 1!Dept. 
of Biol., Fac. of Gen. Edu., Tottori 
Univ., Tottori, 2Dept. of Biol., Yokohama 
City Univ., Yokohama. 


The distribution of progesterone 
receptor (PR) was investigated immuno- 
cytochemically in rat uterus from the day 
of birth to 30 days of age (= day 30). 
Uterine epithelial and stromal cells 
showed a negative PR immunoreaction on the 
day of birth. The PR in the epithelial 
cell nuclei appeared by day 5. The 
number of stained cells and the staining 
intensity gradually increased after day 7 
and remained low by day 20; the staining 
intensity increased again, thereafer, 
reaching the maximal level on day 30. In 
contrast, the stromal cells showed a 
negative PR reaction until day 15. The 
staining of the stromal cells increased 
steadily until day 30. In both epithelial 
and stromal cells, the initiation of the 
PR appearance was not affected by 
ovariectomy performed on the day of birth 
or on 2 to 3 days prior to the appearance 
of PR. Moreover, estrogen injections 
failed to initiate an earlier appearance 
of PR in both the epithelial and stromal 
cells. These results suggest that the 
appearance of PR in rat uterus is 
programed by estrogen before birth or that 
factors other than estrogen control the 
development of uterine PR. 


TAMOXIFEN INDUCES EXPRESSIONS OF 
ONCOGENES AND ESTROGEN RECEPTOR IN 
GENITAL TRACTS OF FEMALE MICE 
N. Nishimura, Y. Goto, and T. Iguchi. 
Dept. Biol.. Yokohama City Univ., Yokohama 
Estrogen stimulates DNA synthesis and cell 
proliferation in female genital tracts. However, 
tamoxifen (Tx), a nonsteroidal anti-estrogen, has an 
estrogenic action on mice. Effects of estrogen and 
Tx on expressions of proto-oncogenes and estrogen 
receptor (ER) were examined in the uterus and 
vagina of ovariectomized mice. Expressions of c-jun 
and c-fos mRNAs were stimulated in the uterus 
within 1 h after a single injection of 17B-estradiol 
(E2), showing a peak 3 h after the stimulation, then 
decreased with time. In the vagina, c-jun and c-fos 
mRNAs increased rapidly, reaching a peak within 1 
h after the Eg stimulation. Uterine c-fos mRNA 
induced by Tx showed such expression pattern as 
E2 caused. However, c-fos expression in the vagina 
decreased once after Tx stimulation and then 
gradually increased with time, resulting in higher 
expression than the control level 12 h later. 
Expressions of c-myc mRNA was altered in the 
uterus and vagina neither by E2 nor Tx. In the 
vagina, Eo decreased the expression of ER mRNA 
within 1 h, but it was recovered by 12h; Tx 
constantly decreased the ER mRNA level. These 
results suggest that the uterus and vagina of 
ovariectomized mice express higher levels of c-jun 
and c-fos mRNAs by E2 and Tx, resulting in DNA 
synthesis and proliferation of female genital tracts. 


REGRESSION MECHANISM OF MOUSE 
REPRODUCTIVE TRACTS INDUCED BY 
OVARIECTOMY. 

A. Suzuki, M. Enari, Y. Ohta* and T. Iguchi 
Grad. Sch. Integ. Sci., Yokohama City Univ., 
Yokohama; *Dept. Biol., Fac. General 
Education, Tottori Univ., Tottori. 

Mouse vagina and uterus regress following 
ovariectomy. In the regressing vagina, DNA 
fragmentation, a marker of apoptosis, was observed 
2 days after ovariectomy. During vaginal and 
uterine regression, 7 proteins newly appeared, and 6 
proteins increased in expression. In addition, 
leukocytes were infiltrated 3 days after ovariectomy 
in vaginal epithelium. Cycloheximide inhibited 
expressions of the 7 proteins and infiltration of 
leukocytes in vaginal epithelium, suggesting that 
they participate in the infiltration of leukocytes. 
Progelatinase B and plasmin-like enzyme (PLE) were 
expressed in the vagina. In the regressing vagina, 
mediator of gelatinase B, active form and proenzyme 
of gelatinase A and PLE increased in expression. In 
vagina of neonatally DES-exposed mice, gelatinases 
A (active form and proenzyme) and B (proenzyme) 
were expressed; however, no changes in proteinase 
expression and histology were found following 
ovariectomy. RT-PCR revealed expressions of fas 
and bcl-2. Expression of fas in vagina and uterus 
was increased by ovariectomy, but fas in uterus 
was weaker than in vagina. No change in bel -2 
expression was observed in vagina and uterus. 
These results suggest that vaginal regression 
induced by ovariectomy is mediated by activated 
gelatinase B and fas, and by apoptosis. 


THE EFFECTS OF SULFATED POLYSACCHARIDE ON 
BONE METABOLISM. 

Y. Uesugi, M. Nakamura, M. Nomura and S. 
Takayama., Drug Safety Research Center, 
Developmental Research Laboratories, Daiichi 
Pharmaceutical Co., Ltd., Tokyo. 


Long term administrations of sulfated 
polysaccharides, such as heparin and dextran 
sulfate, increase an osteoclast activity, 
and result in reduction of bone mass and 
increasement of bone fragility in human and 
experimental animals. In the present 
study, activities of osteoclast and 
osteoblast were studied in vivo. Five- 
week-old Crj/CD (Sprague-Dawley) rats were 
given a daily intravenous injection of 6.3 
to 100.0 mg/kg of heparin for two weeks and 
sacrificed 24 hours after final 
administration. Strength and weight of the 
femur were significantly decreased in the 
heparin administered animals . Serum 
tertrate-resistant acid phosphatase 
activity, marker enzyme of osteoclast, and 
serum calcium concentration were 
significantly increased in the heparin 
treated animals. By contrast, serum 
alkaline phosphatase activity, marker enzyme 
of osteoblast, and osteocalcin, released 
from osteoblast, was significantly decreased 
in the heparin treated animals. 

These results suggested that heparin 
induces a bone fragility through not only 
increasement of osteoclast activity but also 
reduction of osteoblast activity. 
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CHANGES IN STRUCTURE OF VARIOUS 
TISSUES OF MICE UNDER MALNUTRITION. 
M.Takeuchi, |.Kumano and Y.Kobayashi. Dept. of 
Biol., Fac. of Sci., Okayama Univ. Okayama. 


Under the malnutritional condition induced by 
substitution of pelleted food by sugar cubes, male 
mice of the JcIMCR strain could maintain their life 
span for 5 weeks. In the present study, structural 
changes of various tissues were investigated after 
30 days of sugar cube feeding and water deprivation. 
The neural lobe of the pituitary showed hypertrophy, 
but numerous neurosecretory granules were still 
present in the neural terminals. Atrophy of anterior 
pituitary cells was evident. Adrenal zona 
glomerulosa cells contained a large number of lipid 
droplets which were less numerous in zona 
fasciculata cells. The thyroid gland was provided 
with many small follicles of which follicle epithelia 
were cuboidal in shape. In the submandibular gland 
both of serous cells and mucous cells contained a 
large number of secretory granules under this 
malnutrition. Degenerative changes in cells of the 
liver, kidney, spleen, and thymus were observed. 


BIOCHEMICAL CHANGES IN PREGNANCY- 
DEPENDENT MAMMARY TUMORS (PDMT) 
DURING GROWTH AND REGRESSION IN GR/A 
MICE. 

Y. Goto, H. Nagasawa* and T. Iguchi. 

Grad. Sch. Integ. Sci.. Yokohama City Univ., 
Yokohama; *Exp. Animal Res. Lab., Meiji Univ., 
Ka i. 

The GR/A mouse is characterized by the 
development of pregnancy-dependent mammary 
tumors (PDMT). PDMT appearing after the 
middle of pregnancy reach maximal size at the 
end of pregnancy and regress soon after 
parturition. Mitotic index in PDMT decreased 
before parturition. DNA fragmentation was 
observed in PDMT on day 20 of pregnancy and at 
the day of parturition. Using 2-dimensional gel 
electrophoresis, 3 protein spots appeared newly 
on day 20 of pregnancy, and 3 other spots also 
appeared newly at parturition. Some of these 
proteins were expressed in stromal cells of 
PDMT. Growth rate of PDMT in progesterone- 
treated mice on day 15 of parturition was higher 
than that in estradiol-treated mice and controls. 
Estrogen receptor (ER) and c-fos mRNA 
expressions in PDMT were high on day 15 but low 
on day 20 of pregnancy. The expression patterns 
of c-jun and c-fos mRNA in autonomous mammary 
tumors were high. These findings suggest that 
regression of PDMT are related to the apoptosis 
and newly expressed proteins on day 20 of 
pregnancy. Growth of PDMT are dominated by 
hormonal levels resulting from the activity of c- 
jun, c-fos and ER genes. 


PROLIFERATION AND MORPHOGENESIS OF MOUSE 
MAMMARY TUMOR LINES ; TPDMT-4 AND IT'S 
AUTONOMOUS SUBLINES IN COLLAGEN-GEL CULTURE. 
K. Sayama! , T. Iguchi? and A. Matsuzawa’ . 1 Lab. of Biol., 
Meijigakuin Univ. Yokohama, 2 Grad. Sch. Integrated Sci., 
Yokohama City Univ., Yokohama, and 3 Animal Res. Center, 
Inst. of Med. Sci., The Univ. of Tokyo, Tokyo. 


TPDMT-4(T4) is a very stable and _ transplantable 
pregnancy—dependent mammary tumor line. Five ovarian— 
independent sublines, T4-O1320(320), T4-—OI320CY(320CY), 
T4-01165(165), 1T4-O01145(145) and T4-Ol96(96) were 
established from TPDMT-4 tumors different in progression 
level in vivo. Proliferation and morphogenesis of these 
tumors were compared in primary culture using three 
dimensional, serum-free, collagen gel culture system. 
Growth of T4 and 320 were remarkably stimulated by Insulin 
+ EGF and the other tumors grew in the presence of Insulin 
alone. On the other hand, T4, 320 and 320CY formed tubular 
structure, 165 and 145 grew in knob-like form, 96 showed 
spherical growth. 

These results indicate the possibility that the differences of 
proliferation and morphogenesis in vitro may reflect in vivo 
progression levels of mammary tumors. 


PROHORMONE PROCESSING ENZYMES, PC1 AND PC2 
IN THE RAT PANCREATIC ISLETS: CELLULAR AND 
SUBCELLULAR DISTRIBUTION. 

S.Tanakal, H.Mochidal, T.Kato2, T.Watanabc3, and 
K.Nakayama+. 1Dept. of Morph., Inst. of Endocrinol., 
Gunma Univ., Maebashi, 2Pharma. Res. Lab., Kirin Brewery 
Co., Ltd., Maebashi, and 3Dept. of Anat., Inst. of Basic Med. 


Sci. and *Gene Exp. Center , Univ. of Tsukuba, Ibaraki 


PC1 and PC2 are endoproteases involved in prohormone 
cleavage at pairs of basic amino acids. To determine the 
cellular and subcellular distribution of PC1 and PC2 in the rat 
pancreas, we generated their polyclonal antisera in rabbits, 
using two synthetic peptide antigens corresponding to the 
amino acid sequence 415-432 of preproPC1 and 589-605 of 
preproPC2. Western blot analysis revealed the presence of 
PC1 (87 and 68 kDa) and PC2 (70 kDa) in the rat pancreatic 
islets, indicating that each of the antisera was specific for the 
corresponding antigen. Immunocytochemical staining of serial 
sections demonstrated that the antibody against PC1 
immunostained only insulin-producing cells, whereas the 
antibody aganist PC2 stained insulin-, glucagon-, 
somatostatin-, and pancreatic polypeptide-producing cells. 
Double-immunolabeling of the processing cnzymes and 
pancreatic hormones with gold particles of different sizes 
revealed that pancreatic hormone-positive secretory granules 
were also immunolabeled with antibodies against PC1 or PC2. 
This differential localization of PC1 and PC2 supports the 
argument for the substrate-specificity of the PC1 and PC2 
enzymes in the processing of pancreatic prohormones. 


130 Endocrinology 


IMMUNOCYTOCHEMICAL LOCALIZATION OF PROHORMONE 
CONVERTASES IN THE PROOPLOMELANOCORTIN( POMC ) 
CELLS OF AMPHIBIAN PITUITARY GLAND. 
S.Kurabuchi!, K.Nakayama’?, and S.Tanaka’. 
'Dept.of Histol., Nippon Dental Univ., Tokyo, 
*"Gene Exp. Center, Univ.of Tsukuba, *Dept.of 
Morphol.,Inst.of Endocrinol.,Gunma Univ., 
Maebashi. 

PCI and PC2 are prohormone convertases 
which are involved in the limited cleavage of 
POMC. Using anti-mammalian PCl and PC2, an 
immunocytochemical study was conducted to 
examine localization of these enzymes in the 
pituitary gland of anura and urodela. PCl and 
PC2 showed a differential immunoreactivity 
(IR) in POMC cells. In the anterior lobe, 
anti-PCl and PC 2 exclusively immunostained 
ACTH cells, though a weak IR was observed in 
cells other than ACTH cells in some frogs. 
Only PC2 was consistently detectable in MSH 
cells in the intermediate lobe. In MSH cells, 
IR of PCl and PC2 depended upon the 
physiological conditions of the animal; the IR 
was detected homogeneously throughout the 
entire cytoplasm in white-adapted frogs, 
whereas in black-adapted frogs the peri- 
nuclear region was immunostained as a strongly 
spot. Immunoelectron microscopy, using 
double-labeling with gold particles of 
different sizes, revealed that almost all of 
the immunolabeled ACTH- or @MSH-secretory 
granules were also positive to PCl and PC2 
antibody. The present immunocytochemical 
study suggests that PCl and PC2 might be 
involved in the proteolytic cleavage of POMC 
of amphibian pituitary gland. 


PROLYL ENDOPEPTIDASE FROM THE FOLLICULAR FLUID 
OF PORCINE OVARY 

T. Takahashi’, K.Takahashi', T.Mori’, and S 
Kawashima’. 'Dept. of Biophys. and Biochen. 
?Zool. Inst., Fac. of Sci., Univ. of Tokyo 
Tokyo. 

Prolyl endopeptidase activity in the porcine 
ovary was found to be higher in the follicular 
fluid than in the tissue extract, suggesting 
its unexpected extracellular localization in 
relatively large quantities in this organ. The 
enzyme was purified to apparent homogeneity 
from the follicular fluid, and was shown to be 
a single polypeptide protein with a molecular 
weight of approximately 80,000. Other molecu- 
lar and enzymatic properties such as chromato- 
graphic behavior, molecular size, substrate 
specificity and susceptibility to various 
proteinase inhibitors were also very similar 
to those of the intracellular prolyl endo- 
peptidase purified from porcine liver. The 
close similarity of the two enzymes was also 
demonstrated by Western blotting and immuno- 
precipitation experiments. We suggest that 
the follicular prolyl endopeptidase is 
involved in protein and peptide catabolism in 
the follicular fluid of mammalian ovaries. 


PHYSIOLOGICAL AND BIOCHEMICAL ANALYSES OF THE 
FUNCTION OF AVIAN CLOACAL GLAND. 

K. Tsutsui’, T. Kotegawa', N. Sakurai’, T. Ikeda“, H. 
Minakata= and K. Nomoto” 

‘ Fac. Integrated Arts and Sci., Hiroshima Univ., Higashi— 
Hiroshima; * Suntory Inst., Bioorganic Res., Osaka. 


The male reproductive system of birds is rather more simple 
than that of mammals, lacking the prostate and the seminal 
vesicle. The mature spermatozoa pass down a vas deferens 
which is expanded into a sac—like ending near the cloaca. At 
copulation the cloaca is everted and applied to the opening of 
the oviduct, ie., vagina. Birds develop the dorsal segment 
entering the cloaca which is called the cloacal gland. The 
avian cloacal gland is under androgen regulation and usually 
active in sexually mature males. However, little is known 
about its function. To clarify the function of avian cloacal 
gland, physiological and biochemical analyses were performed 
in the present study using adult males of the Japanese quail. 
An isolated substance from the cloacal gland showed a 
hydrophobic property and a potentiating effect on spontaneous 
contractions of the vagina. The cloacal gland also contained a 
large amount of glucose, which probably contributes to the 
motility of spermatozoa. It, thus, appears that not only mature 
spermatozoa but also these substances originated from the 
cloacal gland offer to the vagina at copulation. This 
mechanism most likely enables the successful fertilization in 
birds. 


ONTOGENY OF ESTROGEN RECEPTOR 
NEURONS IN THE FACIAL NUCLEUS OF THE 
FETAL AND NEWBORN RATS. 
S.Hayashi, H.Ueda and C.Orikasa. 
Dept. Anat. & Embryol., Tokyo Metropolitan Inst. 
Neurosci. Fuchu, Tokyo. 

We have found estrogen receptor (ER) in the 
facial nucleus (n7) in the newborn rats of postnatal 1 
day (PN1=day of birth) through PN11. Since it was not 
detectable in the rats of older than PN21, this 
expression was considered transient (Yokosuka & 
Hayashi, Neurosci.Res. 15: 90-95, 1992). By an in situ 
hybridization histochemistry, we confirmed the 
expression of ER-mRNA, in the same region of the 
newborn rat (Orikasa et al., submitted for publication). 
In this report, we examined the expression of ER in the 
fetal age. Fetuses of 18 and 19 days after conception 
(the day when sperms were found was considered as 
FE1) were perfused with 4% paraform aldehyde in 0.1 
M phosphate buffer. After postfixation, brains were 
dehydrated and embedded in paraffin. Serial sections 
were incubated with anti-ER antiserum (AS-408; 
Okamura et al., J.Endocr. 135: 333-341, 1992) and the 
ER signals were detected by DAB reaction. Being 
alike in the newborns, ER-positive cells were localized 
in the medial subnucleus of the n7 in the fetuses. Since 
motoneurons in this subnucleus are known to terminate 
their trajectories into the posterior auricular muscles 
both in the adult and the newborn (Yokosuka and 
Hayashi, 1992), intimate correlation of the transient 
expression of ER in this subnucleus and function of 
these muscles is suspected. 
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DOWN-REGULATION OF ESTROGEN 
RECEPTOR IN THE HYPOTHALAMUS OF 
NEWBORN RATS BY ESTROGEN INJECTIONS. 
C.Orikasa, H.Okamura and S.Hayashi. 

Dept. Anat. & Embryol., Tokyo Metropolitan Inst. 
Neurosci., Fuchu, Tokyo. 


We have used immunohistochemistry (IHC) to 
investigate the estradiol regulation of estrogen 
teceptor(ER) in the regions of rostral and mediobasal 
hypothalamus in the neonatal rat. Pups have received 
daily injections of 10 1g estradiol benzoate (EB) for 5 
or 10 consecutive days, starting within 24 hrs after 
birth. Control animals received vehicle injections only. 
They were killed by perfusion on the next day of last 
injection. Brains were sectioned and ER 
immunoreactive neurons were detected by IHC. 
Number of ER-positive cells in the preoptic area, 
arcuate and ventromedial hypothalamic nuclei 
decreased both in the rats given EB for 5- and 10-days. 
The intensity of ER immunoreactivity in the ER- 
positive cells also decreased by the EB treatment. 
Thus, ER in the hypothalamus seemed down-regulated 
by EB in these newborn rats. 

We are now studying the effect of EB on the 
expression of ER-mRNA by in situ hybridization 
histochemistry. 


IMMUNOCYTOCHEMICAL IDENTIFICATION 

OF ESTROGEN RECEPTOR IN THE RAT 

ANTERIOR PITUITARY 

T. Kikuta!, K Yamamoto!, H. Namiki! and S. Hayashi? 
1Dept. Biol., Sch. Educ., Waseda Univ., Tokyo; "Dept. Anat. & 
Embryol., Tokyo Metropolitan Inst. Neurosci., Tokyo 


Estrogen is well known to be not only responsible for a 
variety of reproductive actions but also an important 
physiological regulator of gonadotropin and PRL secretion 
from the pituitary gland. The mechanism of action of estrogen 
is conceived to involve a specific intracellular receptor in 
target tissues. Recently, a highly specific polyclonal 
antiserum against genetic recombinant estrogen receptor (ER) 
was produced, with which the ER was demonstrated in the rat 
brain and pituitary. However, cellular identification of ER- 
bearing pituitary parenchymal cells has not yet been done. We 
identified the ER-immunoreactivity in pituitary hormone- 
secreting cells of the rat by an immunocytochemical method, 
and also studied quantitative changes in the relative 
proportions of ER and pituitary hormones in both sexes and 
during the estrous cycle. 

The ratio of the number of respective pituitary hormone- 
positive cells to the total number of ER-immunopositive cells 
was higher in the order of somatotrophs, lactotrophs and 
gonadotrophs in both sexes. The proportion of somatotrophs was 
significantly higher in the male. The ratio of the number of 
ER-positive cells to respective pituitary hormone-positive cells 
was also higher in the same order. Both the ratios of 
gonadotrophs and lactotrophs fluctuated during the estrous 
cycle of the female, being highest at the proestrus stage. 

These results provide immunocytochemical confirmation 
of many reports that estrogen regulates LH and PRL secretion 
via ER in gonadotrophs and lactotrophs, and suggest that 
somatotrophs, which are more abundant in ER-positive 
parenchymal cells, may also be under the control of estrogen. 


BINDING OF TESTOSTERONE (T) AND 5A - 

DIHYDROTESTOSTERONE (DHT ) TO ANDROGEN 

RECEPTORS IN THE MOUSE SUBMANDIBULAR GLAND 

K.Sawada and T. Noumura 

Dept. Regulat. Biol., Fac. Sci., Saitama 
iv., Urawa. 

In the mouse submandibular gland, sex 
difference becomes evident on day 30, when 
the granular convoluted tubules (GCT) of 
the gland rapidly grow in response to 
drastically increased levels of circulating 
T and DHT in the male. T and DHT may act 
separately on the gland, because the mouse 
gland can not convert T to DHT. Therefore, 
we studied properties of the androgen 
receptors in the gland. Scatchard plots 
showed that the average Kp of cytosolic 
receptor bindings for T and DHT were 0.59 
nM and 0.42 nM in the male glands on day 
90, respectively. Kp for each ligand was 
Similar between the sexes, and was constant 
on day 20 through 90 of age. Cross-compe- 
tition studies also demonstrated that DHT 
was more tightly associated with the 
receptors than T. Maximum bindings (Bmax) 
of both androgens to the receptors were 
higher in the male glands than in the 
female glands on days 20 and 30. Then, the 
male Bmax were decreased, becoming lower 
than the female Bmax on day 90. These 
results suggest that the androgen receptor 
in the mouse gland has a weaker affinity 
for T than DHT, and that the occurrence of 
sex difference of the glands may be con- 
trolled by androgen binding activities of 
the receptors arround day 20 to 30 of age. 


DETECTION OF MSH RECEPTOR-RELATED GENES IN 
SOME VERTEBRATES BY GENOMIC SOUTHERN BLOTTING 
S. Takeuchi!, M. Yabuuchi?, S. Hirose’, Y. 
Kobayashi! and C.Sato? 1 Dept.of Biol., Fac.of 
Sci.,OkayamaUniv., Okayama, * Super Molecular 
DIV., Electrotechnical Lab. 


MSH( melanocyte stimulating hormone )is wel] 
known as a pigmentary hormone in lower verteb- 
rartes ( e.g. fish, amphibia and reptiles). In 
mammals, many experiments suggested non-pigmen 
tary functions for MSH, such as effects on the 
other peripheral tissues and the central 
nervous system, however, the roles of it are 
at present much less clear. To elucidate the 
functions of the hormone, it is nesessary to 
clone and characterize its receptor genes. 

In this study, we cloned MSH receptor cDNA 
with the applox. length of 1.8kb from cultured 
mouse melanocyte cDNA library. Using it as a 
probe, we performed genomic Southern blotting 
to detect and clone MSH receptor genes in 
mouse, chick and frog. 
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PARTIAL SEQUENCE OF AVIAN LH RECEPTOR cDNA 
Y. Akazome, M. K. Park, T. Mori and S. Kawashima 
Zoological Institute, School of Science, University of Tokyo, 
Tokyo 


Recent studies have supported the idea that GTHs have a 
common ancestor molecule in their evolution and their 
receptors are concomitantly evolved. In the present study, 
we tried to obtain GTH receptor cDNA information in lower 
vertebrates, and determined the cDNA sequence of N- 
terminal extracellular domain of the quail LH receptor. 

Based on mammalian receptor cDNAs (human, pig and 
rat), which have been reported so far, we constructed 3 
sense and 2 antisense oligonucleotides to amplified GTH 
receptor cDNAs in various animals (toad, newt, quail and 
mouse) by RT-PCR. Using one pair of these oligonucleotides, 
hormone binding region of quail LH receptor was amplified 
(519 bp omitting primer annealing regions), and this PCR 
product was characterized. The result showed that the 
receptor sequence was about 67 % identical to other 3 
Mammalian sequences in both DNA and amino acid levels. 
On the other hand, locations of cysteine residues and 
potential N-linked glycosylation sites (Asp-X-Thr/Ser) were 
completely conserved. Cysteine residues are thought to be 
important for protein conformation, and glycosylation for 
specific hormone binding. Therefore, these residues may be 
important for hormone-receptor interaction both in 
mammals and birds. 

This quail LH receptor cDNA information may be useful 
not only for the avian, but also for lower vertebrate LH 
receptor researches. 


EFFECT OF LONG-DAYS ON THE EXPRESSION OF GONADOTROPIN 
SUBUNIT GENES IN JAPANESE QUAIL 

N. Taguchi and S. Ishii. Dept. Biol., Sch Edu, 
Waseda Univ., Tokyo 169-50. 

Effect of long-days on the expression of the avian 
luteinizing hormone (LH) beta-subunit gene has been 
reported, but no study has been published on the 
photoperiodic effect on that of the gonadotropin (CTH) 
alpha-subunit gene. To know effects of long-days on the 
expression of GTH genes, especially that of the alpha- 
subunit, we measured relative quantities of mRNAs for 
the GTH alpha- and LH beta-subunits in male Japanese 
quail (Coturnix coturnix japonica) that had been kept 
under short-days of 8L:16D and then were exposed to 
long-days of 14L:10D for 0, 1, 3, 7, 14 and 35 days. 
Northern blot analysis was used for detection of the 
mRNAs. Probes for hybridization used were quail LH-beta 
cDNA (pQL119), quail GTH-alpna cDNA (pQA312) and a 
commercial human beta-actin cDNA. Both hormone mRNAs 
started to increase within one day, continued to 
increase up to 1.3 to 3.7 fold for one week, and then 
tended to decrease. Amounts of mRNAs were expressed with 
three different terms: total hormone signals, total 
hormone signals divided by total RNA weight and total 
hormone signals divided by total beta-actin signals. The 
time of peaks and maximum levels were different among 
the three different expressions, but general patterns of 
the changes in the hormone mRNAs were similar. We 
concluded that the long-days enhanced expressions of not 
only LH-beta but also GTH-alpha subunit genes, and these 
effect appeared within one day. 


CELL-FREE TRANSLATION PRODUCTS CONTAINING 
N-TERMINAL PROOPIOMELANOCORTIN ENCODED BY 
MESSENGER RNA FROM BULLFROG PITUITARY 
GLAND 

S.Iwamuro, T.Aida, A.Sioda, S.Kikuyama 
and S.Miura!. Dept. of Biol., Sch. of 
Educ., Waseda Univ., Tokyo and 1! Yokohama 
City Univ. Sch. of Med., Yokohama. 


Proopiomelanocortin (POMC) is the 
precursor protein for a number of peptide 
hormones and neuropeptides that possess 
very diverse biological activities. We 
have purified one of the fragmentary pep- 
tides termed N-terminal peptide of POMC 
(NPP) from anterior and neurointermediate 
lobes of the bullfrog. Antiserum against 
bullfrog NPP was produced by immunizing a 
rabbit. The antiserum recognized larger 
molecules containing NPP sequence as well 
as NPP itself. Messenger RNA prepared 
from neurointermediate lobes of the 
bullfrog pituitary gland directed the ef- 
ficient incorporation of amino acid into 
newly synthesized material in the 
presence of wheat germ translational fac- 
tors. Analysis of the synthesized im- 
munoreactive products by SDS-PAGE 
revealed that two high molecular weight 
POMC-related peptides (approx. 39 kD and 
37 kD) were synthesized. The result sug- 
gest that the bullfrog neurointermediate 
lobe of pituitary contains two mRNA 
populations specifying the synthesis of 
two different high molecular weight forms 
of POMC. 


EXISTENCE OF TWO FORMS OF XENOPUS GROWTH 
HORMONE 

K. Yamashita, K. Yamamoto, H. Hayashi* and 
S. Kikuyama 

Dept. of Biol., Sch. of Educ., Waseda 
Univ., Tokyo 169-50, *Gunma Univ. of Med. 
Sci. and Tech., Maebashi 371. 


During the purification of Xenopus 
prolactin (PRL), we found two forms of 
growth hormone (GH) in an unadsorbed 
fraction obtained by subjecting acid 
acetone extract of anterior pituitary 
glands to high-performance liquid chromato- 
graphy on a Mono-Q HR 5/5 anion-exchange 
column. GHs were monitored by sodium 
dodecyl sulfate-polyacrylamide gel electro- 
phoresis (SDS-PAGE) and Western blot 
analysis employing antiserum against 
bullfrog GH. Xenopus GHs (xGH-I and xGH-I1) 
had molecular weights of 22,000 and 21,000, 
respectively, as determined by SDS-PAGE. 
The partial amino acid sequences of N- 
terminal portion of xGH-I and xGH-II showed 
57.1% homology. These findings reveal the 
presence of two types of Gls. The variants 
of GH as well as-PRL seem to be ascribed to 
the tetraploid origin of the Xenopus 
species. 
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MOLECULAR CLONING AND NUCLEOTIDE 
SEQUENCE ANALYSIS OF cDNA FOR £B- 
SUBUNIT OF THYROTROPIN OF THE 
BULLFROG (Rana catesbeiana) 

N. Takahashi and S. Kikuyama 

Dept. of Biol., Sch. of Educ., Waseda Univ., Tokyo. 
Amphibian thyrotropin (TSH) has recently been 
purified from the bullfrog pituitaries by our group. 
Aminoacid sequences of a- and B-subunits have 
been partially determined. The cDNA encoding B- 
subunit of TSH of the bullfrog was specifically 
amplified employing polymerase chain reaction 
(PCR) method with oligo dT primer and specific 
primer for the bullfrog TSH—8 N-terminal sequence 
from the cDNAs encoding mRNAs extracted from 
anterior pituitaries. PCR product (about 0.8 kb) was 
specifically amplified and ligated into the plasmid. 
Sequence analysis revealed that this clone 
contains an open reading frame encoding bullfrog 
TSH-8 subunit molecule. Using this cDNA as a 
probe, northern blot analysis was performed and 
molecular nature of bullfrog TSH-8 mRNA was 
analyzed. 


MOLECULAR CLONING AND EXPRESSION OF EEL 
ATRIAL AND VENTRICULAR NATRIURETIC 
PEPTIDE 

Y. Takeil, M. Ueki? and T. Nishizawa? 
locean Res. Inst., Univ. Tokyo, Tokyo and 
Biotech. Lab., Bio-Med. Div., Sumitomo 
Metal Indust., Ltd., Kyoto. 


We have cloned cDNA of eel atrial 
Natriuretic peptide (ANP) from atria by 
polymerase chain reaction and that of 
ventricular natriuretic peptide (VNP) from 
cDNA library of ventricles. The sequence 
analysis revealed that eel proANP and 
PrOVYNP consist of 140 and 150 amino acid 
residues, respectively, and carry mature 
hormones at their C-termini. The sequence 
of VNP deduced from the cDNA was identical 
with that determined by amino acid 
sequencing but that of ANP has a glycine 
residue added to its C-terminus. Mass 
spectrometry and reverse-phase HPLC of 
purified ANP and synthetic ANP with and 
without C-terminal amidation showed that 
ANP without glycine residue and that with 
C-terminal amidation are present in the 
atrium. Comparing cDNA sequence of VNP 
with those of other natriuretic peptides, 
VNP is unique but most similar to 
mammalian ANP. Northern blot analysis of 
various eel tissues revealed that ANP is 
expressed almost exclusively in the atrium 
whereas VNP is expressed predominantly in 
the ventricle over atrium. Thus VNP is 
the first truly ventricular hormone in the 
natriuretic peptide family. 


CLONING AND SEQUENCE ANALYSIS OF cDNAS 
ENCODING VASOTOCIN PRECURSORS IN THE 
CYCLOSTOMES. 

M.Suzuki-~, H. Nagasawa! and A.Urano2. Liab. 
of Mol. Biol., Ocean Res. Inst., Tokyo, 
and “Div. of Biol. Sci., Grad. School of 
Sci., Hokkaido Univ., Hokkaido. 


The cyclostomes, hagfish and lamprey, 
are the most primitive living vertebrates. 
They have vasotocin (VT) as neuro- 
hypophysial hormone, which is considered 
to be the common ancestral molecule of the 
vasopressin and oxytocin families in 
higher vertebrates. In the present study, 
we determined the nucleotide sequences of 
cDNAs encoding VT precursors from the 
hagfish, Eptatretus burgeri, and the 


lamprey, Petromyzon japonica. The VT 
cDNAs of hagfish and lamprey consisted of 


c.a. 1000 and 1200 bases, respectively. 
Although they shared an only 50% 
nucleotide similarity, both of them 
encoded a signal peptide, VT, a Gly-Lys- 
Arg processing and modification sequence, 
and a possible carrier molecule termed 
neurophysin. The coding region for 
hormone and the following Gly-Lys-Arg was 
highly conserved, with an 80% identity 
between hagfish and lamprey. In addition, 
the hagfish VT cDNA was highly similar 
(95% identity) to the VT cDNA of American 
hagfish, Eptatretus stouti. 


CLONING OF C-DNAS THAT ENCODE BOMBYXIN-RELATED 
PEPTIDES FROM AGAIUS CONVOL UVULI 


M. wami!»2, |, Furuya’, H. Ishizaki2, S. Sakurai’, H. Kataoka?, A. 
Suzuki?, M. Shimoda*, and K. Kiguchi* ('Fac. of Sci., Kanazawa 
Univ., Kanazawa. 2Sch. of Sci., Nagoya Univ., Nagoya 3Fac. of 
Agric., Univ. of Tokyo, Tokyo. 4NISES, Tsukuba. 


Bombyxin is a Bombyx mon brain secretory peptide that is 
structurally like insulin and functionally like the prothoracicotropic 
hormone. We cloned three cDNAs that encode precursor 
molecules for peptides structurally related to bombyxin from the 
sweet-potato homworm Agrius convoluvul, The precursor 
molecules (preproABRP) deduced from these cDNAs have the 
domain organization of signal peptide/B chain/C pe ptide/A chain, as 
in preprobombyxin, preproSBRP (a bombyxin-related prepropep- 
tide of Samia cynthia ncini), and preproinsulin. The ABRP cDNAs 
are classified into families A and B according to their sequence 
homology. Homology is high (99%) within the family A, but low 
(63%) between the two families. The localization of the ABRP 
MRNAs examined by in situ hybridization indicates that four pairs of 
mid-dorsa neurosecretory cells produce the A- and B-family 


transcripts. 
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CLONING OF THE GENE THAT ENCODES BOMBYXIN- 
IV, AN INSULIN-RELATED NEUROSECRETORY 
PEPTIDE OF Bombix mori. 

S.Tsuzuki'* M,Furuno!, Y.Maruta'’, M.lwami‘~ 
A.Suzuki’, S.Sakurai’, and H.Ishizaki' 

(1Sch. of Sci.,Nagoya Univ.,Nagoya. 2Fac. of 
Sci.,Kanazawa Univ.,Knazawa. 3Fac. of Agric.,Univ. 
of Tokyo, Tokyo) 

Bombyxinis a brain neurosecretory peptie of 
Bombyx mori, that is structurally related to the 
insulin and functionaly to the prothoracicotropic 
hormone. The bombyxin family consists of highly 
heterogeneous molecular specis. To date, six 
molecular species have been isolated and three of 
them, bombyxin-Ils and -1V, have been sequenced 
completely. According to the structures of more 
than 30 bombyxin genes so far characterized, 
bombyxin genes have been classfied into four 
families (A, B, C, and D) . Bombyxin-Ils belongs to 
the family A members, while bombyxin-IlV belongs 
to none of the four families. In this paper, we 
discribe the isolation and characterization of the 
gene that encodes bombyxin-IV. The polymerase 
chain reaction technique was employed to isolate 
the gene out of more than 30 structurally related 
genes. The bombyxin-IV gene has the insulin gene- 
like domain organization and is unique in that it 
has no intron as in other bombyxin genes. 


AMINO ACID SEQUENCES OF N- 
PROCALCITONINS PURIFIED FROM TWO 
SPECIES OF FISH: THE SARDINE 
(TELOEST) AND THE STINGRAY 
(CARTILAGINOUS FISH) 


Yoichi Kase, Nobuo Suzuki, Yuichi Sasayama, Yoshio 
Takei', Hiromichi Nagasawa’ and Tsutomu Nishizawa 
Fac. of Sci., Toyama Univ., Toyama 930, ‘Ocean 
Res. Inst. Tokyo Univ., Tokyo 164 and?Sumitomo 
High Quality-Life Inst., Kyoto 619-02, Japan 


Procalcitonin is composed of 3 parts: N-terminal 
peptide (N-procalcitonin), calcitonin and C-terminal 
peptide (C-procalcitonin). It is known that these 2 
kinds of the terminal peptides are also released into 
blood stream when calcitonin is secreted. Therefore, 
N-procalcitonin and C-procalcitonin are supposed to 
have some, but unknown roles in physiology. Recently, 
we succeeded to purify N-procalcitonin of the sardine 
(Sardinops melanosticta). This peptide is composed 
of 53 amino acid residues. Its molecular weight was 
6029. Homology of the N-procalcitonin of the sardine 
with that of the salmon and of the human was 73 % 
and 43 %, respectively. At present, N-procalcitonin 
of the stingray (Dasyatis akajei) is going to be 
sequenced. Furthermore, biological activity of the 
N-procalcitonin is using examined utilizing osteoblasts 
cultured in vitro system. 


PLASMA CALCITONIN LEVELS IN THE 
STINGRAY (CARTILAGINOUS FISH), 
DASYATIS AKAJEI 


Takashi Takagi, Nobuo Suzuki, Yuichi Sasayama 
and Akira Kambegawa’ 

Dept. of Biol., Fac. of Sci., Toyama Univ., 
Toyama 930, and 'Teikoku-zoki Co., Kawasaki 
210, Japan 


In mammals, calcitonin is a hormone which 
has potency to mineralize bones by suppressing 
the activity of osteoclasts. Cartilaginous fish have 
no bones and no osteoclasts. Nevertheless, it was 
found that the stingray, Dasyatis akajei, possesses 
one pair of ultimobranchial glands which contain 
a large quantity of calcitonin. Therefore, this 
species seems to be a good material to clarify the 
role of calcitonin in cartilaginous fish. In the 
present study, we determined plasma calcitonin 
levels in 80 individuals of various body sizes (100g 
- 3,900g) using ELISA method for which we rised 
specific antiserum against the stingray calcitonin. 
Plasma levels of minerals and urea and weights of 
gonads and liver were also measured to find a key 
of roles of calcitonin. At present, the result 
suggesting that plasma calcitonin levels are 
increased with body growth is being obtained. 


EFFECTS OF ADMINISTRATIONS OF SEX 
STEROIDS ON PLASMA CA AND 
CALCITONIN LEVELS IN CASTRATED 
GOLDFISH 


Youki Fujihiko, Nobuo Suzuki, Yuichi Sasayama 
and Akira Kambegawa' 

Dept. of Biol., Fac. of Sci., Toyama Univ., Toyama 
930, and 'Teikoku-zoki Co., Kawasaki 210, Japan 


Calcitonin is a hypocalcemic and hypophosphatemic 
hormone in mammals. In teleosts, roles of calcitonin 
have not been clarified in spite of the fact that 
ultimobranchial glands contain a large quantity of 
calcitonin. Recently, it was suggested that in some 
species of teleost, calcitonin may be related to sexual 
maturation, especially in female. In the present study, 
at first, plasma calcitonin levels and plasma mineral 
levels were determined in normal goldfish of females 
and males, in which maturation stages of gonads were 
variously diffrent. As a result, it was known that 
calcitonin level were higher in females on maturating 
stages than in females on non-maturating stages or 
than in males on the both stages. Secondly, 172 
-estradiol or 17-«-ethynyl-testosterone was 
administered intraperitoneally to goldfish of which 
gonads had been removed previously to eliminate 
endogenous effects of sex steroids. At present, the 
result suggesting that only plasma Ca level is increased 
when the estrogen was injected is being obtained. 
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EFFECTS OF ADMINISTRATIONS OF HIGH CA 
DIET AND ESTROGEN ON THE PLASMA 
CALCITONIN LEVELS IN THE JAPANESE CHAR 


Takeshi Sasai, Katsuhisa Uchida, Nobuo Suzuki, 
Yuichi Sasayama and Akira Kambegawa’ 
Dept. of Biol., Fac. of Sci., Toyama Univ., Toyama 930, 
and ?Teikoku-zoki Co., Kawasaki 210, Japan 

Calcitonin is a hypocalcemic and hypophosphatemic 
hormone in mammals. In teleosts, however, role of calcitonin 
has not been clarified in spite of the fact that a large quantity 
of calcitonin is contained in the ultimobranchial glands. On 
the other hand, recently, it was suggested that in some 
species of teleost, calcitonin may be related to phenomena 
of sexual maturation, especially in females. In the present 
study, 2 kinds of experiment were performed in the Japanese 
char, Salvelinus pluvius. In Exp.I, effects of high Ca diet 
on the plasma calcitonin levels were determined just before 
and after the administrations. Calcitonin was measured with 
ELISA method. At 120 min after, plasma Ca levels were 
increased acutely to 4 times level of the initial value. However, 
calcitonin levels did not change at least during 24hr. In 
Exp.Il, effects of 174 estradiol were studied. the steroid 
was injected intraperitoneally. Plasma Ca and Pi levels 
continued to increase from the initial level at least during 20 
days. Initial calcitonin levels were so low and could not be 
detected. At5 days after, however, the level was increased 
acutely and attained to the maximun value throughtout the 
experimental term. At 20 days, calcitonin level was again 
not detected. The present results suggest that calcitonin is 
not responsible at least to the short-term increase of plasma 
Ca and Pi levels. 


COEXISTENCE OF GH AND PRL IN THE ANTERIOR 
PITUITARY QF THE BULLFROG, EMBRYO. 3 
K. Matsuda’, T. Kobayashi”, 5: Tanaka 5, NS 
Yamamoto and S. Kikuyama’. Dept. of 
harmacol., Nippon Med. Sch., Tokyo. 
Dept. of Regulat. Bio]., Fac. of Sci., 
Saitama Univ., Urawa. Dept. of Morph., 
Inst. of , Endocrinol., Gunma Univ., 
Maebashi. 4nept. of Biol., Sch. of Educ., 
Waseda Univ., Tokyo. 


The ontogeny of growth hormone (GH) 
and prolactin (PRL) cells in the bullfrog, 
Rana catesbeiana, was studied immuno- 
cytochemically by using antisera against 
bullfrog GH (anti-fGH) and PRL (anti- 
fPRL). Westernblot analysis and RIA 
revealed that the anti-fGH and -fPRL used 
in the present experiment are specific for 
the corresponding antigen, respectively. A 
few immunoreactive (ir-) GH cells were 
first observed at Shumway’s stage 22. At 
the same stage, ir-PRL cells appeared in 
the vicinity of GH cells. When adjacent 
sections were immunostained with both 
antisera, some of these ir-GH cells were 
also immunoreacted with anti-fPRL. 
Immunoelectron microscopical observation 
employing a technique of double- 
immunolabeling with gold particles of 
different sizes for GH and PRL, revealed 
that a part of the immuno-labeled GH- 
secretory granules are also labeled with 
anti-fPRL. The coexistence of GH and PRL 
were no longer observed at more advanced 
stages of development. 


DEMONSTRATION OF THE RELEASE OF a- 
SUBUNIT OF GONADOTROPIN FROM 
PROLACTIN CELLS OF THE BULLFROG. 
T.Kawasaki,T.Kouki,S, fanaka',K,Yamamoto and 
S,Kikuyama. 

Dept. of Biol., Sch. of Educ., Waseda Unhiv., 
Tokyo and ‘Inst. of Endocrinol., Gunma Univ., 
Maebashi. 


Double-immunolabeling with gold particles of 
different sizes for the a-subunit and 
prolactin(PRL) revealed that most of the 
immunolabeled PRL granules in the bullfrog 
pituitary are also labeled with the a-subunit 
antibody.In order to ascertain whether the a- 
subunit-immunoreactive substance is released 
from the PRL cells,reverse hemolytic plaque 
assay was employed.The bullfrog a-—subunit 
antiserum and bullfrog PRL antiserum were used 
for plaque assay and detection of PRL 
cells,respectively.As a result,plaque formation by 
PRL cells,as well as non-PRL cells,presumably 
TSH and GTH cells,was observed.Thus, it was 
concluded that PRL cells in the bullfrog release 
immunoreactive a-—subunit. 


EFFECT OF a-SUBUNIT ON THE RELEASE 
OF PROLACTIN FROM THE DISPERSED 
PARS DISTALIS CELLS OF THE BULLFROG, 
A. Oguchi, M. Sakai, S. Tanaka’, K. Yamamoto, 
S. Kikuyama. Dept. of Biol., Sch. of Educ., 
Waseda Univ., Tokyo and ‘Inst. of Endocrinol., 
Gunma _ Univ., Maebashi. 


The number of immunoreactive a-subunit cells 
was invariably greater than the total number of 
immunoreactive gonadotropin (GTH) and 
thyrotropin (TSH) cells in the bullfrog. The 
prolactin (PRL) cells contain immunoreactive a- 
subunit. Moreover, there is a positive correlation 
between the amount of PRL and that of a-subunit 
released from the pituitary in culture. This lead 
us to study the effect of a-subunit on the release 
of PRL. The enzymatically dispersed cells were 
preincubated for 24 h. Subsequently, they were 
subjected to a-subunit. The release of PRL was 
enhanced during 1.5 h culture in the presence of 
a-subunit. Possibility that a—subunit is acting on 
the PRL cells as an autocrine or paracrine factor 
was suggested. 
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RECOMBINANT JAPANESE FLOUNDER PROLACTIN: 
EXPRESSION IN ESCHERICHIA COLI AND 
BIOLOGICAL ACTIVITY 

S.Sakata, S.Tsuchida and T.Uemura 
Biotech. Lab., Nippon Oil Company,LTD., 
Yamaguchi. 


We have isolated cDNA encoding Japanese 
flounder (Paralichthys olivaceus) 
prolactin (fPRL). Cloned fPRL cDNA was 
modified by polymerase chain reaction 
(PCR). Twenty-one nucleotides of the 5'- 
terminal region of cDNA, which include the 
ATG initiation codon and the following 6 
codons of mature fPRL, were modified by 
oligonucleotide primer. The sequence of 
this primer was chosen to be rich in AT 
without changing the amino acid sequence 
of the protein. The modified cDNA was 
finally inserted into the Escherichia coli 
expression vector, pKP1500. Mature fPRL 
was efficiently expressed in E. coli 
carrying a plasmid in which the modified 
fPRL cDNA was under the control of tac 
promoter. Recombinant fPRL representing 
about 30% of the total cellular proteins 
was found in inclusion bodies and cross- 
reacted with chum salmon prolactin 
antiserum. Solubilization of the inclusion 
bodies and protein denaturation were 
performed in 6M guanidine hydrochloride. 
The purified and refolded recombinant fPRL 
exhibited an antimetamorphic effect in the 
Japanese flounder. 


PARACRINE CONTROL OF PROLACTIN RELEASE IN 
THE RAINBOW TROUT. 

Yada!, E. Gordon Grau’ and T. Hirano? 
Natl. Res. Inst. of Fish. Sci., Fisheries 
Agency, Nagano, ‘Hawaii Inst. of Marine 
Biol., Univ. of Hawaii, Hawaii, and Socean 
Res. Inst., Univ. of Tokyo, Tokyo 

In teleost pituitaries, prolactin 
(PRL) cells are located in rostral region 
of the pars distalis (PD) forming clusters 
or follicles. To examine the relationship 
between PRL release and the arrangement of 
PRL cells in the pituitary, PRL release 
from dispersed cells attached on a culture 
plate was compared to that from the organ- 
cultured PD and the cell aggregate which 
was reconstituted from dispersed cells. 

In the rainbow trout, Oncorhynchus mykiss, 
PRL release from the dispersed cells was 
greater than that from the PD (PRL cells 
forming follicles) and the cell aggregate. 
These results suggest that PRL release in 
the trout was inhibited in the tissue, 
where PRL cells are in close contact with 
each other. In the tilapia, Oreochromis 
mossambicus, the dispersed cells released 
as much PRL as the organ-cultured PD (PRL 
cells forming clusters) and the cell 
aggregate. Release of newly synthesized 
PRL from the dispersed trout cells was not 
altered by addition of salmon PRL. 
However, the medium conditioned by the PD 
inhibited PRL release from the dispersed 
cells. These results suggest that a 
paracrine factor(s) is involved in PRL 
release at least in the trout. 


EFFECT OF PROLACTIN ON PLASMA OSMOLALITY 
IN THE SAFFRON COD DURING THE WINTER. 

M. Ogawa! ,Y.Matsuura,Y.Wada- and M.Fukuchi> 
1 Grad.Sch.Policy Sci., Saitama Univ., 

2 Dept.Reg.Biol., Fac.Sci., Saitama Univ., 
Urawa and 3 Natl.Inst.Polar Res., Tokyo. 


Saffron cod,Eleginus gracilis, survives 
the ice-laden coastal water during the 
winter possessing a high concentration of 
the antifreeze glycoprotein(AFGP). In 
contrast to the well-vascularized glomeruli 
seen in the saffron cod collected during 
the summer, the shrunk glomeruli were 
observed in the fish collected during the 
winter. This may be related to the conser- 
vation of AFGP for cold water. 

Plasma osmolality was increased during 
the winter than during the summer. This 
high plasma osmolality of the winter fish 
may be due to the increased AFGP content. 
In this experiments, the decreased plasma 
osmolality was obtained by the prolactin( 
PRL) treatment (bovin PRL,2.5 mg/Kg/D X 3). 

It is evident recently that GH controlls 
the concentration of antifreeze protein in 
the winter flounder reasoning its inhibit- 
ory effect of mRNA transcription in the 
liver and PRL has no effect(Idler et al., 
"89). 

The results obtained here reconfirmed the 
previous consideration in which PRL may act 
on the kidney and possibly on clearing of 
AFGP by increasing glomerular filtration 
during the summer. 


OSMOREGULATION IN TILAPIA EMBRYOS AND 
LARVAE: POSSIBLE INVOLVEMENT OF CHLORIDE 
CELLS AND PROLACTIN 
E.G. Ayson, T. Kaneko, S. Hasegawa and 
T. Hirano Ocean Research Institute, 
University of Tokyo, Nakano-ku, Tokyo 164 
Tilapia embryos and newly hatched 
larvae can survive direct transfer from 
fresh water (FW) to full strength seawater 
(SW). Examination of yolk sac membrane of 
embryos and larvae revealed the presence 
of numerous DASPEI (flourescent stain 
specific for mitochondria-rich cells)- 
positive cells as early as 48 hours after 
fertilization. The DASPEI-positive cells 
were significantly larger in SW than in FW 
and their size changed - markedly with 
change in salinity. Electron microscopic 
observations revealed that these cells 
correspond to chloride cells (CC) present 
in branchial epithelium of the adult fish, 
these cells being rich in mitochondria. 
Apical pits were conspicously present in 
CC in SW; seldom are pits present in FW CC 
and, if any, were smaller in opening than 
those observed in SW. While expression of 
GH-mRNA in the pituitary of larvae in FW 
and SW did not show any apparent 
difference, PRL-mRNA was strongly 
expressed in the pituitary of larvae in 
EW. These results suggest that PRL is 
involved in FW adaptation during the early 
life stages. The inverse relationship 
observed between PRL cell activity and CC 
size may suggest an inhibitory effect of 
PRL on CC differentiation. 
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EFFECT OF ANGIOTENSIN II ON THE 
PROLIFERATION OF MAMMOTROPHS IN CULTURE 
T. Shinkai and H. Ooka 

Dept. of Cell Biology, Tokyo Metropolitan 
Institute of Gerontology, Tokyo. 


Luteinizing hormone-releasing hormone 
(LHRH) stimulates prolactin(PRL) secretion 
from mammotrophs in anterior pituitary 
cell cultures but the PRL response is not 
observed in cultures which contain a small 
number of gonadotroph. Angiotensin II(AII) 
also stimulates PRL release from mammo- 
trophs in cultures. AII locates in the LH- 
containing secretory granules of gonado- 
trophs and in the cytoplasm of mammo- 
trophs. Therefore it can be assumed that 
the stimulation of PRL release by LHRH 
might be mediated by AII released from 
gonadotrophs. We observed that LHRH 
increased mammotroph proliferation in 
culture, and the response was ,remarkable 
in condensed cell culture (5x104-10 /dish, 
diameter: lcm). In the present study, we 
examined the influence of AII on the 
number of mammotrophs in culture of 
anterior pituitary cells derived from 
adult female rats using a flow cytometry. 
The proliferation of mammotrophs was 
accelerated by the addition of AII. This 
result suggests that the proliferation of 
mammotrophs is accelerated by AII released 
from hypothalamic LHRH. 


EFFECTS OF ESTRADIOL AND PHENOL RED ON 
DEVELOPING PROLACTIN CELLS IN VITRO 

R. Kato! and y. G. Watanabe“. ltakada 
Med., Oomiya, Saitama, “Dept. of Biol., 
Fac. of Sci., Niigata Univ., Niigata 


Phenol red is widely used as a pH 
indicator for culture experiments. This 
reagent, however, has been shown to have 
an estrogen-like effect in vitro. 

The objective of this study was to 
compare the effects of estradiol and 
phenol red on the developing rat pitui- 
tary. Pituitary primordia from different 
fetal ages were cultivated in DMEM/F 12 
to which phenol red or estradiol was 
added. When Day 13.5 pituitary primordia 
were cultured for 8 days, both of these 
reagents were without effect on the 
development of prolactin cells. On the 
other hand, when Day 19.5 pituitaries 
were maintained for 2 days, prolactin 
cells were greater in number and stained 
more intensely in estrogen- and phenol 
red-treated explants than in controls. 
A similar trend was also seen in those 
pituitary explants that were taken from 
neonatal rats. 

In the light of these results, phenol 
red-free culture media should be used 
for in vitro experiments of anterior 
pituitary cells. 


USE OF AN ALBINO STRAIN FOR A STUDY ON 
PIGMENTATION IN LOCUSTA MIGRATORIA 

S. Tanakal , A. De Loof2 and L. Schoofs? 
IDept. of Insect Physiol. & Behavior, 
Natl.Inst. Sericul. & Entomol.Sci.,Tsukuba, 
27001. Inst. of KUL Univ., Belgium. 


Implantation of corpora cardiaca (CC) 
taken from normal 5th instars into albino 
4th instars of L. migratoria induced dark 
body color in the latter. An experiment to 
determine why the albino CC fail to induce 
the dark body color was carried out. Brain 
implantation indicated that the albino CC 
failed to induce dark pigments because of 
the lack of the hormonal factor responsible 
for the induction of darkening rather than 
a brain factor that stimulates the CC. 
Thus, the CC removed from albino hoppers 
which had heavily pigmented after 
implantation of a normal brain did not 
induce any dark color when implanted into 
another albino hopper. 

Melanophore stimulating hormone (MSH)- 
like peptids extracted from optic lobes of 
flesh flies were injected into albino 
locusts to determine if these extracts 
could induce darkening in the locusts. 
Injections of three fractions of the 
methanolic extracts prepurified by Sep-Pak 
did not induce any dark pigments in albino 
locusts. Implantation of optic lobes from 
normal locusts also failed to induce 
darkening in albinos, indicating that the 
MSH-like peptides found in locusts as well 
as flesh flies are not involved in the 
pigmentation in the locust. 


ROLE OF THE THYROID HORMONE ON SKIN- 
SHEDDING IN ADULT SNAKES. 

M.Yoshihara’, T.Murakami', H.Yoshizawa’ and 
C.Oguro? "Dept. of Oral Physiol., The Nip- 
pon Dental Univ., Niigata, 2Dept. of Oral 
Anatomy, Matsumoto Dental Coll., Shiojiri, 
Toyama Univ., Toyama. 

It is well known that thyroid hormone 
stimulates molting in urodele amphibians, 
birds, and generally in reptiles. On the 
contrary, it has been reported that 
thyroid hormone inhibits skin-shedding of 
adult snakes. 

In the present study, adult males of 
the rat snake, Elaphe quadrivirgata were 
used. Sham-operated snakes did not shed 
within the experimental period. Thyroidec- 
tomy induced cloudy eyes, a precursory 
sign of skin-shedding, 12 days after the 
operation. Skin-shedding did not occur in 
the snakes which were administered with 
control saline. On the contrary, skin- 
shedding occurred 10 days after the ad- 
ministration of thyroid hormone. These 
results indicate that decrease of thyroid 
hormone provokes to initiate the prepara- 
tion of skin-shedding. After that, 
however, sufficient thyroid hormone is 
required for the progress and completion 
of normal skin-shedding in snakes. 
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HYPERTROPHY OF SERTOLI CELLS FOLLOWING 
UNILATERAL ORCHIDECTOMY IN RATS. 
T.Furuya!, M.Sato2, H.Sakai2 and 
S.Wakabayashi2. IDept. of Anatomy, Tokyo 
Med.Col., Tokyo, 2Dept. of Biology, Nihon 
Univ. Sch. of Dentistry, Tokyo. 


When rats were unilaterally castrated 
at 20, 30 and 40 days of age, only those 
rats hemicastrated at 40 days showed 
compensatory hypertrophy of Sertoli cells 
when killed 30 days after unilateral orchi- 
dectomy. At the time of death, volume 
densities of Sertoli cells, Leydig cells, 
interstitial tissue and vascular components 
were greater in 70-day-old hemicastrated 
rats than in intact rats of the same age. 
The total number of Sertoli: cells per 
testis in hemicastrated and intact rats was 
always the same at any age. Estimated 
Sertoli cell volume in 70-day-old rats was 
twice that in intact rats. By contrast, 
the testes of 50- and 60-day-old rats at 
the time of death displayed essentially the 
same morphological features, regardless of 
whether animals were orchidectomized. 
A significant increase in follicle-stimu- 
lating hormone was noted in 50- and 70- 
day-old hemicastrated rats ‘compared to 
normal rats, while levels of luteinizing 
hormone were basically the same. 
The concentration of plasma testosterone 
was higher in 50-day-old controls than in 
hemicastrated rats. Seventy-day-old hemi- 
castrated rats showed higher levels of 
plasma testosterone than controls. 


ORIGIN OF OLFACTORY SYSTEM IN THE 
TOAD, BUFO JAPONICUS. 

K. Kawamura and S. Kikuyama. 

Dept. Biol., Schl. Educ., Waseda Univ., Tokyo 
169-50, Japan. 


Transplantation experiments were carried out 
between albino and wild-type neurulae of Bufo 
Japonicus to determine the developmental origin of 
olfactory system and its relationships to 
hypophyseal primordium. The primordial 
olfactory epithelium and olfactory bulb were 
situated in the antero-lateral portion of neural 
ridge, which were segregated into peripheral 
(sensory) and central (neural) parts as 
development proceeded. Electron microscopic 
observation revealed that the olfactory receptor 
cells have their origin exclusively in the middle 
layer of this portion. Removal of this area at the 
open neurula stage resulted in a regeneration of 
nasal epithelium. Labelling of surrounding 
embryonic tissue with Dil at the time of operation 
demonstrated that the nasal _ epithelium 
regenerated from adenohypophyseal primordium 
located in the anterior part of neural ridge. 
Relationships between the olfactory system and 
hypophysis were discussed from a_histogenic 
viewpoint. 


MAPPING OF THE DEVELOPMENTAL FATE 
OF NEURAL PLATE AND NEURAL RIDGE OF 
THE TOAD NEURULA. 

Y. Kay-la, K. Kawamura and S. Kikuyama. 
Department of Biology, School of Education, 
Waseda University, Tokyo 169-50, Japan. 


Detailed mapping of the developmental fate of 
the presumptive neural tissue has not been 
available in anuran species. In the present study, 
a trace amount of fluorescent dye, Dil was applied 
to defined positions of the open neurulae of Bufo 
japonicus by means of a microcapillary tube 
connected to a high pressure valve. The 
lipid-soluble nature of Dil made it possible to 
trace the developmental fate of the labelled cells 
and some of the neural projection extending from 
them. The presumptive pituitary gland, eyes, 
olfactory system (nasal epithelium and olfactory 
bulb) as well as the roof of the telencephalon, 
diencephalon and mesencephalon were situated on 
the neural ridge. Primordia of the ventral half of 
these parts of brain occupied the anterior half of 
the neural plate proper. 


Peptidergic innervation in the caudal neurosecretory system of 
some fishes as revealed by double immunostaining 


§.0ka! ,A.Chiba! ,Y.Honma® . 'Dept.of Biol. Nippon Dent.Univ., 
Niigata, *Sado Mar.Biol.Stat.,Fac.of Sci.Niigata Univ. Niigata 


Using double immunostaining technique, we examined possible 
peptidergic innervation of the caudal neurosecretory system or 
urotensin (U)-immunoreactive cells in the teleost, masu salmon 
(Oncorhynchus masou), and three species of elasmobranchs 
(Scyliorhinus torazame, Triakis scyllia and Raja porosa), from 
the phylogenetic point of view. For this purpose, different 
antisera against the selected neuropeptides (UI, UII, NPY, SP, 
and FMRFamide) were used. Some species of primitive bony 


fishes, cyclostomes, amphioxus and an invertebrate (Aplysia) 
were also examined to make comparison with these four species. 
In the masu salmon and elasmobranchs, UI/UI1-immunoreactive 
cells and their processes were often in contact with NPY 
positive fibers, strongly suggesting that control by NPY or 
related substance. However, there was no evidence to show 
colocalization of NPY and urotensins. Contacts of NPY positive 
fibers with the Ul-immunoreactive neural structures were also 
seen in the primitive chordates and invertebrate examined. 
Innervation of UI/UII-immunoreactive cells by SP or FMRFamide 
positive fibers appeared to vary among the different species. 
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IN SITU HYBRIDIZATION USING ISOTOPIC- AND NON- 
ISOTOPIC-LABELED RNA PROBES FOR UROTENSINS 
IN THE CAUDAL NEUROSECRETORY SYSTEM OF THE 
CARP, CYPRINUS CARPIO 

T. Ichikawa and K. Ajiki, Dept. of Anat. Embryol., Tokyo 
Metropolitan Inst. for Neurosci., Tokyo 


An in situ hybridization histochemistry (ISHH) for 
urotensins | and II (Ul and UIll) in paraffin sections of the 
caudal neurosecretory system of the carp was developed 
using 35s. and digoxigenin-labeled RNA probes by defining 
the technical parameters enabling optimal detection of Ul and 
Ull mRNAs. The specificity of hybridization signals was 
confirmed by the selective localization of signals in the caudal 
neurosecretory neurons in the posterior spinal cord with the 
antisense probe and no signal in them with the sense probe. 
There is no appreciable difference in the sensitivity between 
isotopic- and non-isotopic probes, while the latter probe has 
several advantages over the former one, i.e. much higher 
cellular resolution, rapidity and safety. UI and UII transcripts 
were detected in almost all identifiable neurosecretory neurons, 
but the density of signals was not always parallel. We have 
also demonstrated the co-localization of UI transcripts and 
peptides in the same neurosecretory neuron by combining 
ISHH using 3°S-labeled RNA probe and immunohisto- 
chemistry. This technique may provide new insights into the 
spatial and temporal relationships between the sites of 
transcription, translation and post-translational processing. 


INNERVATION OF STEROID-PRODUCING CELLS IN 
THE OVARY OF TILAPIA OREOCHROMIS 
NILOTICUS 

M. Nakamura 1 and Y. Nagahama 2. 1 Dept. of 
Biology, Faculty of Medicine, Teikyo University, 
Tokyo, 2 Lab. of Reproductive Biology, Natl. Inst. 
for Basic Biology, Okazaki. 

Distribution of nerves in the ovary of tilapia 
was examined ultrastructurally. A few thick 
nerves consisting of 500-1000 of nerve fibers 
localized in the area near the ovarian artery and 
vein on the side facing the mesentery. Some 
bundles of nerve fibers branching from thick 
nerves invade the central part of ovigellus 
lamellae along with capillaries. Bundles of a few 
nerve fibers elongate more near clusters of 
steroid-producing cells (SPCs) which are 
distributed in the interstitial area among yolky 
oocytes. The terminals of nerve fibers are in 
direct contact with the surface of SPCs. These 
synapses of terminals to SPCs were observed 
frequently. The synapses contain many synaptic 
vesicles, a few dense-cored vesicles and some 
mitochondria. Moreover, a few terminals were 
observed on the surface of steroid-producing 
theca cells enclosing yolky oocytes. Our 
observations of direct innervation of SPCs bring 
to light a possible new avenue for regulation of 
steroid production in the tilapia ovary. 


DISTRIBUTION OF GONADOTROPIN-RELEASING 
HORMONE-IMMUNOREACTIVE CELLS AND 
OXYTOCIN-IMMUNOREACTIVE CELLS IN THE 
PREOPTIC AREA OF THE DWARF GOURAMI 

K. Maejima, Y. Oka, M. K. Park and S. Kawashima. 
Zool. Inst., Sch. of Sci., Univ. of Tokyo, Tokyo. 


GnRH-immunoreactive (GnRH-ir) cells of 
vertebrates are generally scattered in the brain. 
However, those of the dwarf gourami, a small tropical 
fish, form distinct cell clusters in the preoptic area 
(POA), terminal nerve (TN) and midbrain tegmentum 
(TEG). Thus, the brain of this fish is suited for 
electrophysiological recording or localized brain 
lesioning. However, inthe POA where hypophysiotropic 
GnRH cells are distributed, other neurosecretory cells 
that also project to the pituitary are present. Therefore, 
we examined the localization of GnRH-ir cells and 
oxytocin(OXT)-ir cells by using double immuno- 
fluorescence technique. We used a monoclonal anti- 
GnRH, LRH13, and a polyclonal anti-OXT which 
crossreacts with isotocin, and the both immuno- 
fluorescence were simultaneously demonstrated in the 
same section. These two kinds of hormone-ir cells were 
distributed in a similar pattern, and some of them 
reacted to both anti-OXT and LRH13. Both kinds of 
immunoreactive axons that project to the pituitary 
were also distributed in a similar pattern, and some of 
them overlapped with each other. 


SCATTERED NEUROSECRETORY CELLS AROUND DORSAL CORD 
OF THE ASCIDIAN HALOCYNTHIA RORETZI. 

K. Terakado. Dept. of Regul. Biol., Fac. of Sci., 
Saitama Univ., Urawa. 


During examination of neural complex of the 
ascidian with electron microscope, it was found 
that abundant neurosecretory cells possessing 
numerous membrane-bound dense granules, 0.2-0.3 pm 
in diameter, throughout cytoplasm of each cell were 
distributed around dorsal cord. 

Electron microscopy. The tissues of neural complex, 
together with surrounding tunic materials, were 
initially fixed in 0.2M cacodylate buffer (pH7.2) 
containing 3% glutaraldehyde and 2% tannic acid at 
room temperature for initial 1 hr then at 4°C for 2 
hrs. Specimens were then post-fixed in 0.1M buffer 
containing 2% osmium tetroxide at 4°C for 1 hr, and 
further processed as usual. 

The neurosecretory cells were usually present as 
small associated cell groups or a single cell, but 
also sometimes added to the constituents of the 
dorsal cord. They were rich in neurofibrils, es- 
pecially in cell projections, but not in neuro- 
filaments. Owing to this new finding, these 
granule-containing cells may be thought as a novel 
member of transmitting system connecting between 
neural complex and gonads 
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LOSS OF LATERAL ASYMMETRY IN THE DISTRI- 
BUTION OF LHRH NEURONS IN THE BRAIN 
OF THE MOUSE WITH TESTICULAR FEMINIZATION 
MUTATION. 

S. Kubo, T. Machida and T. Noumura. 

Dept. of Regulation Biol., Bac. of 
‘SCavany Saitama Univ., Urawa, Saitama 
338. 


The X-linked testicular feminization 
mutation (T£m) is characterized by 
having a defective structural gene 
for the androgen receptor. In the present 
study, distribution of immunoreactive 
LHRH neurons was compared between the 
right and the left side of the brain 
in male and female mice with the Tfm 
gene. 

We have already demonstrated that 
the number of LHRH neurons is consistently 
greater in the right side of the brain 
than in the left side in normal male 
and female mice. On the contrary, no 
lateral asymmetry was detected in the 
distribution of LHRH neurons in Tfm/Y 
male mice. Similarly in female mice 
with the Tfm gene lateral asymmetry 
was not detected in the distribution 
of LHRH neurons in the brain. 

The results suggested that the Tfm 
gene itself or the X chromosome bearing 
the Tf£m gene might be responsible for 
the loss of lateral asymmetry of LHRH 
neurons in the mouse brain. 


EFFECTS OF NEONATAL TAMOXIFEN TREATMENT 
ON THE DISTRIBUTION OF LHRH NEURONS 
IN THE MOUSE BRAIN. 

W. Nishido and T. Machida 

Dept. of Regulation Biol., Fac. of Sci., 
Saitama Univ., Urawa, Saitama 338. 


Although no sex differences were 
found in the morphology of hypothalamic 
structures in the mouse brain, immuno- 
reactive LHRH neurons are more numerous 
in male mouse brain than in female one. 
Neonatal estrogen treatment of female 
mice caused an increase in number of 
LHRH neurons in the brain. In the present 
study, in order to further examine an 
involvement of sexual .differentiation 
of the brain in the distribution of 
LHRH neurons, Tamoxifen, an antiestrogen, 
alone or together with estradiol, was 
administered to neonatal male and female 
mice and number of LHRH neurons’ were 
counted in discrete regions of the adult 
brain. Neonatal Tamoxifen administrations 
caused a decrease in the number of LHRH 
neurons in the brain and retarded develop- 
ment of testes in male mice. In addition, 
orchidectomy on the day of birth resulted 
in a decrease in number of LHRH neurons 
in male mice. The result suggests that 
sex difference of the number of LHRH 
neurons is closely associated with sexual 
differentiation of the brain in the 
mouse. 


HETEROGENEITY OF LH RELEASE FROM IN- 
DIVIDUAL RAT GONADOTROPHS OBTAINED FROM 
DIFFERENT ENDOCRINE STAGES. 

O Hattori p dels Sato 7 Lie Miyashita’, Ets 
Kato ,,H. Matsuda’, M. Iigo’, R, Ohtani- 
Kaneko , M. Hara and T. Suzuki’. ‘Dept. 
Anatomy, St. arianna Univ. Sch. Med., 
Kawasaki and “Coll. Agricul. Veterinary 
Med. Nihon Univ., Fujisawa. 


We used a reverse hemolytic plaque 
assay to detect and measure LH release 
from individual gonadotrophs obtained 
from different endocrine stages including 
sexual maturation and castration. The 
values of LH output among individual 
gonadotrophs were heterogeneous and the 
difference between cells released the 
smallest and the largest amounts of LH 
was around 3 to 100 times in individual 
endocrine stages. The range of the dis- 
tribution of LH released cells in mature 
female rats was extremely narrow as com- 
pared to that of male rats. When cells 
were treated with GnRH and GnRH as- 
sociated peptide (GAP), varying responses 
existed in different endocrine stages. 
The GAP responsive gonadotrophs only ex- 
isted in the pituitary gland of immature 
rats. In castrated rats after 1 and 3 
weeks, GnRH stimulation produced LH 
released cells with large-plaque-area as 
compared to controls, however, in 6 
months castrated rats the number of 
small-plaque-forming cells extremely in- 
creased. 


RELEASE OF GROWTH HORMONE FROM 
THE DISPERSED CELLS OF THE 
BULLFROG PITUITARY 

S. Sasaki, K. Nakajima’ and S. Kikuyama 
Dept. of Biol., Sch. of Educ., Waseda Univ., 
Tokyo 165-50, ‘Dept. of Mol. Neurobiol., 
Tokyo Metropol. Inst. for Neurosci., Fuchu, 
Tokyo 183. 


In order to establish an assay system for 
amphibian growth hormone released from the 
pituitary in vitro, bullfrog anterior lobe cells 
were dispersed by the treatment with 
collagenase. The cells thus obtained were 
preincubated for 12h in 0.67% M-199, pH 7.4 
at 25 °C under a constant flow of O,-95%, 
CO,-5%. After renewal of the medium, the 
cells responded to TRH(10°M-10°M) to 
release growth hormone dose-dependently 
over the prior to 24h. Thus, this system turned 
out to be useful for the detection of 
substances which affect the release of growth 
hormone. 
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Search for Factors Which Bind to Gonadotropin Genes in 
Porcine Anterior Pituitary by Jn Situ Binding 


Yukio Kato », Koichiro Gen, Kinji Inoue? and Takako Kato» 


) Hormone Assay Center and Department of Morphology, Institute 
of Endocrinology, Gunma Univ., Maebashi. 


Recently we demonstrated that transcription factors which bind 
to cAMP responsive element (CRE) and activator binding site 
element (AP1) display unique binding specificities for the 
variant CREs and APis (non-palindoromic sequence) of the 5' 
upstream of the porcine gonadotropin gene. 

In this paper describe a new method that enables to 
visualization of the presence of DNA binding factors in situ. 
The method consists of conventional immunohistochemistry 
and in vitro DNA-protein binding. The anterior pituitary was 
fixed in 4% paraformaldehyde, and cryosections were made 
followed by immunostaining with anti-pituitary hormone. The 
sections were then incubated in the DNA binding solution 
containing *S-labeled DNA in the presence or absence of an 
excess amount of competitors. After the slices had been 
washed to remove excess probes, radioautography was 
performed. 

The specificity of binding was confirmed by selective 
competition with homologous unlabeled DNA and by absence 
of any nohomologous DNA. Grain counting revealed that the 
gonadotrophs are significantly richer in binding factors for 
consensus CRE and AP1. Jn situ binding was then performed 
with labeled variant CREs and APIs present in the 5' upstream 
of porcine gonadotropin gene. The results showed that the 
gonadotrophs are richer in DNA binding factors for these 
gonadotropin variant CREs and AP1s than other pituitary cells. 
The factor binding to the FSHB CRE variant was localized 
exclusively in gonadotrophs. These results suggest that binding 
factors uniquely recognizing nonpalindolomic CRE and/or AP1 
are located in the gonadotrophs and are concerned with the 
specific regulation of gonadoiropin gene expression. 


Nuclear Factors which bind to AT-rich region of the follicle 
stimulating hormone (FSH) 6 subunit gene 


Koichiro Gen, Takako Kato and Yukio Kato 


Hormone Assay Center, Institute of Endocrinology, Gunma 
Univ., Maebashi. 


Pituitary glycoprotein hormone, gonadotropin (FSH and LH) 
are heterodimer composed of common © subunit and unique B 
subunit synthesizing in the same type of anterior pituitary cells. 
Those genes are regulated with several extracellular factors 
differently. After determination of the three subunit gene 
structures, we have studied the nuclear factors responsive for 
extracellular signals and for tissue- and/or gene-specific 
expression. 

Using nuclear extracts from porcine anterior pituitary, we found 
the factors which bind specifically to a part of 5'-upstream 
tegion of FSH6 gene by gel mobility shift assay. Those factors 
gave a unique gel mobility shift which did not compete with 
CRE and other nucleotide sequences. Two nuclear proteins 
were separated by heparin sepharose and ion-exchange column 
chromatographies. They bound to AT-rich sequence and 
recognized different part each other. The characterization of 
the binding protein is under the investigation. 


ENDOTHELIN-1—-LIKE IMMUNOREACTIVITY IN THE 
HYPOTHALAMO-HYPOPHYSIAL SYSTEM OF THE 
BULLFROG, RANA CATESBEIANA. 

T. Yamamoto, T. Hirohama, S. Nakamura, and 
H. Uemura. Biol.Lab., Kanagawa Dent. Coll., 
Yokosuka. 


The distribution of endothelin-1-like 
immunoreactivity was immunohistochemically 
investigated in the hypothalamo—-hypophysial 
system of the bullfrog, Rana catesbeiana. 

In the hypothalamus, immunoreactivity 
for endothelin-1l was detected in the large 
and small neurons in the preoptic area 


where punctate staining was seen. These 
immunoreactive neurons projected varicose 
fibers to the ventrolateral direction. 
Immunoreactive fibers in the median 
eminence were very fine and showed 
relatively dense distribution. In the 
posterior lobe, endothelin-1l-like immuno- 
reactive fibers were intensely labelled and 
distributed in patches. The size of 


immunoreactive boutons varied from 2 to 9 
um at the light microscopic level. Very 
often, many immunoreactive terminals 
abutted on the blood capillaries. 

These results indicate that the presence 
of endothelin-1l-like substance(s) within 
neuronal elements in the hypothalamo- 
hypophysial system of the bullfrog and 
Suggest that the substances have some roles 
related with the regulation of neuro-— 
hypophysial functions. 


ONTOGENETIC DEVELOPMENT OF NPY-IMMUNOREACTIVE STRUCTURES 
IN THE BRAIN AND HYPOPHYSIS OF THE CLOUDY DOGFISH. 

A. Chiba and Y. Honma. Dept. of Biol., Sch. of Dent. at 
Niigata, Nippon Dental Univ., Niigata,*Sado Mar. Biol. 
Stat., Fac. of Sci., Niigata Univ., Niigata. 


Using a specific antiserum against synthetic porcine 
neuropeptide Y (NPY), we examined developmental process 
of NPY-immunoreactive neuronal structures in the brain of 
the cloudy dogfish, Scyliorhinus torazame, with special 
interest to the hypothalamo-hypophyseal system and the 
terminal nerve. For this purpose. 8 adults, 3 juveniles, 
and more than 15 embryos (15-80mm in total length) were 
studied by use of a streptavidin-biotin technique. NPY- 
immunoreactivity was first demonstrated in the midventral 
areas of the hindbrain and midbrain of an embryo, 20mm in 
total length. In the subsequent stage (30-32mm), the 
immunolabeling was intensified and extended to the telen- 
cephalon and the diencephalon. Noticeably, some labeled 
cells of bottle shape appeared as cerebrospinal fluid 
(CSF)-contacting neurons in the hypothalamic floor. 
However, no immunolabeling was seen in the neurohypo- 
physeal anlage or in the terminal nerve (TN). In the 
embryo of 40mm long, some ganglion cells of the TN first 
displayed positive response to the antiserum On the 
other hand, the first sign of penetration of the labeled 
fibers into the pars neurointermedia was recognized in 
the embryos (80mm) just prehatching. In the juvenile 
fish, elaborate NPY-immunoreactive neuronal structures 
were comparable to those of adult fish. 
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A FUNCTION OF BOMBYXIN : REGULATION OF THE 
CARBOHYDRATE METABOLISM IN THE SILKWORM, 
BOMBYX RI. 

S. Satake’, A. Mizoguchi! ,x Nagata, A. Suzuki2 
gnd H. Ishizaki . 

Dept. of Bigl., Sch< of Scils, Nagoya Univ., 
Nagoya and Dept. of Agr. Chem., Fac. of Agr., 
Univ. of Tokyo, Tokyo. 


The brain of the silkworm Bombyx mori 
synthesizes and secretes two different neuro- 
peptides which exhibit prothoracicotropic 
activity. One is a genuine prothoracicotropic 
hormone of B. mori. The other is bombyxin, 
which activates the prothoracic glands (PGs) 
of the saturniid Samia cynthia ricini. This 
peptide has no significant effect on the PGs 
of B. mori. Thus the role of bombyxin in B. 
mori is unknown. 

Since bombyxin is highly homologous to 
insulin in structure, we assumed that there 
was a functional similarity between bombyxin 
and insulin. It is well-known that insulin is 
an important regulator of carbohydrate 
metabolism in vertebrates. So we examined the 
effect of bombyxin on the hemolymph carbo- 
hydrate concentrations. In this experiment, 
the last instar larvae of B. mori were neck- 
ligated and, 3 hours later, injected with 
chemically synthesized bombyxin-II. Bombyxin 
significantly reduced the hemolymph trehalose 
concentration in a dose-dependent manner. The 
effect of bombyxin on the hemolymph glucose 
was obscure. These results suggest that 
bombyxin is involved in the regulation of the 
carbohydrate metabolism in B. mori larvae. 


IMMUNOHISTOCHEMICAL STUDY OF SAMIA 
HOMOLOGUES OF BOMBYXIN AND BOMBYX- 
PTTH. 

Y. Yagil, A. Mizoguchi, K. Kojima”, K. Nagata2, 
A. Suzuki* and H. Ishizaki’. “Dept. of ,Biol., 
School of Sci., Nagoya Univ., Nagoya and “Dept. 
of Agr.Chem., Fac. of Agr., Univ. of Tokyo, 
Tokyo. 

Recently, the genes encoding Samia bombyxin- 
related peptide (SBRP : Samia homologue of 
bombyxin) and Samia Bombyx-PTTH related 
peptide (S-PTTH : Samia homologue of Bombyx- 
PTTH) have been cloned and characterized. Then 
we produced mouse antisera against these peptides 
by using chemically synthesized or E. coli 
expressed peptides as immunogens, attempting to 
use them for immunohistochemical localization of 
these peptides in the Samia brain. There are many 
molecular species of SBRP, and the homology 
between SBRPs is not always high (homology 
between SBRP-AI1 and -Bl is about 40 %). So 
antisera against SBRP-Al and -Bl were produced 
separately. The results of immunohistochemistry 
using anti-SBRP-Al antiserum have already been 
reported. 

The location of anti-SBRP-B1 positive cells was 
the same as that of anti-SBRP-Al1 positive cells 
(dorso-medial cells of the brain ; their axon 
terminals were located at the periphery of the 
corpora allata (CA)). When we used the anti-S- 
PTTH antiserum, two pairs of dorso-lateral cells 
of the brain and their axon terminals between the 
grandular cells of the CA were stained. The 
position of the S-PTTH producing cells was the 
same as that of the Bombyx-PTTH producing cells 
in the Bombyx brain. 


TIME-RESOLVED IMMUNOFLUOROMETRIC ASSAY FOR 


BOMBYX PTTH 
A.Mizogughi!, T.0ka!, ¥.Ohashil, K.Kojima2, 
A.Suzuki* and H. Ishizaki!. 

Dep. of Biol,, Sch. of Sci., Nagoya Univ., 
Nagoya and 2Dep. of Agr. Chem., Fac. of 
Agr., Tokyo Univ., Tokyo. 

a eee ek he 
A highly sensitive non-isotopic 
immunoassay for Bombyx prothoracicotropic 
hormone(PTTH) was developed. The antibodies 
necessary for this assay were produced 
using a recombinant PTTH(rPTTH) as an 
antigen. Four kinds of mouse monoclonal 
antibodies against rPTTH were obtained. 
All these antibodies immunostained the 
PTTH-producing cells in the Bombyx brain, 
which had been identified previously. On 
the immunoblotting of the brain extract, 
these antibodies recognized the dimeric and 
monomeric forms of PTTH specifically. To 
develop a immunoassay based on a sandwich 
method, the best pair of antibodies were 
selected. One of the two antibodies was 
immobilized on a solid phase and the other 
labeled with europium, which forms a 
fluorescent cherate in an enhancement 
solution(Pharmacia). After the formation of 
PTTH-antibody sandwich, the enhancement 
solution was added and the fluorescence was 
measured by Arcus fluorometer (Pharmacia-— 
Wallac). The rPTTH was used as a standard 
hormone to construct a standard curve. The 
lower limit of detection in this assay was 

about 1 pg equivalent of rPTTH per assay. 


PROTHORACIC GLAND IS NOT INVOLVED IN ULTRANUMERARY 
LARVAL ECDYSES INDUCED BY ECDYSONE IN THE SILKWORM, 
BOMBYX MORI. 

Y. Tanaka and S. Takeda. Natl. Inst. Seric. 


Entomol. Sci., Tsukuba. 


“when the newly-hatched larvae of Bombyx mori were 
reared on artificial diet supplemented with 
ecdysone from hatching onward, 11 larval ecdyses 
were induced (ultranumerary larval ecdyses). We 
investigated the activity of prothoracic gland by 
in vitro incubation and found that the gland was 
not activated in larvae exposed to ecdysone. In 
addition, multiple larval ecdyses were induced by 
ecdysone administration in non-molting mutant 
strain (nm-g) caused by the low level of ecdysone 
synthesis by prothoracic gland. These result 
suggest that the prothoracic gland is not involved 


directly in ultranumerary larval ecdyses. 
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PUPAL COMMITMENT IN WING IMAGINAL DISC 
OF THE SILKWORM, BOMBYX MORL. 


S.Sakurai!, Y.Ishiguro', K.Hirota'! and 

T. Ohtaki~. ‘Dept. Biol., Fac. Sci., 
Kanazawa Univ., Kanazawa 920-11, 2Nisho- 
Gakusha, Numaminamimachi, Higashikatushika 
gun, Chiba-ken. 


Timing and hormonal conditions for 
occurrence of pupal commitment in Bombyx 
wing discs were examined using in vivo 
and in vitro cultures. Wing discs from 
last instar larvae were transplanted into 
penultimate instar larvae and dissected 
again from the host larvae one day after 
the last larval ecdysis. The implanted 
discs formed pupal cuticle if trans- 
planted 12 hours after the last ecdysis, 
in contrast with occurrence of pupal 
commitment in epidermis on day 4 of the 
last stadium. When wing discs from newly 
ecdysed larvae were cultured in vitro 
for 24 hours and implanted into the host 
larvae, they did not form pupal :cuticle, 
but cultured with 10 ng/ml of 20-hydroxy- 
ecdysone before transplantation, they 
formed pupal cuticle, indicating that 
pupal commitment in wing discs requires 
ecdysteroid but the amount required is 
far less than that for epidermis. 


PARTIAL PURIFICATION OF POLYGONIA SUMMER- 

MORPH-PRODUCING HORMONE (SMPH) ACTIVE SUB- 
STANCE FROM THE BRAIN-SUBOESOPHAGEAL GAN- 

GLION COMPLEXES OF BOMBYX MORI. 

K.Endo, K.Mitsumasu and T.Sakurama. Biol. 
Inst., Fac. of Sci., Yamaguchi Univ., 


Yamaguchi. 


In Polygonia c-aureum, summer morph 
development is determined by a nuroendo- 
crine factor, named summer-morph-producing 
hormone (SMPH). The SMPH, produced in 
median neurosecretory cells of the brain 
and released from corpora cardiaca and/or 
corpora allata in the early pupal stage, 
was demonstrated to be a peptide of M. W. 
4,000-5,000. 

In the brain-suboesophageal ganglion 
complexes (Br-SG's) of the silkmoth, Bom- 
byx mori, there was shown to be a peptide 
having almost the same molecular size with 
bombyxin (M. W. 4,500) and exhibiting the 
same activity with the Polygonia SMPH. 

The SMPH-active substance was extrac-— 
ted from B. mori Br-SG's with 2% NaCl and 
applied to a column of Sephadex G-50. 
SMPH-active fraction through a Sephadex G— 
50 column was treated with an anion-ex- 
change resins, QAE Toyopearl, and the 
activity was eluted with 0.4 M NaCl by a 
batchwise operation (pH 5.9-6.9). The 
eluant was applied to HPLC with a reverse 
phased column of Hibar LiChrocart. 

As a result, we could detect a small 
absorbance peak of 280 nm at around a 
recovery peak of SMPH-activity. 


EFFECT OF FENOXYCARB APPLICATION ON THE 
PUPAL-ADULT DEVELOPMENT OF THE SILKWORM. 


H. Fugo and S.G. Dedos. Faculty of Agri- 
culture, Tokyo University of Agriculture 
and Technology, Fuchu, Tokyo. 


The effect of the application of fenoxy- 
carb (Ethyl{2-(p-phenoxy-phenoxy) ethyl} 
coupanatey on the pupal-adult development 
of Bombyx was examined. Fenoxycarb was 
extracted from INSEGAR 25WP (Quino:Greece) 
with acetone. The injection of various 
concentration of fenoxycarb to newly ecdy- 
sed pupae did not result in any signifi- 
cant difference in or disturbance on the 
pupal-adult developmental schdule. How- 
ever, the ovarian development was affected 
in a dose dependent fashion in the treated 
pupae. Furthermore, the ecdysteroid titres 
in the haemolymph of the treated animals 
were higher than those of the control, 
especially 2 and 3 days after larval-pupal 
ecdysis. But there was no difference in 
the amounts of lipid, sugar and protein 
composition in haemolymph. Adult behavior 
(eclosion and oviposition) was inhibited 
in the moths that received 1 ng or 1 pg 

of fenoxycarb at the pupal stage. 

These results suggested that fenoxycarb, 
which shows a juvenile hormone activity, 
inhibits the development of the ovary and 
manifestation of the adult behaviour of 
the silkworm, Bombyx mori. 


ECDYSTEROID SYNTHESIS IN THE DISSOCIATED 
CELLS OF THE PROTHORACIC GLANDS IN THE 
SILKWORM, BOMBYX MORI. 3 

M. Asahina, H. Fugo' and S. Takeda. 'Fac. 
of Agric. Tokyo Univ. of Agric. and Tech., 
Fuchu, Tokyo, 7 Natl. Inst. of Seric. and 
Entomol. Sci., Tsukuba, Ibaraki. 


A method for preparing the viable cells 
of the prothoracic glands (PGs) of Bombyx 
was developed. Dissected PGs from larvae 
at spinning stage were incubated in the 
Grace's insect medium containing dispase 

( 6000 PU/ml medium at pH 6.5 ). Dispase 
treatment was carried out 37°C for 15 min. 
After centrifugation for 2 min at 250 rpm, 
resultant cells were incubated with Grace 
medium. Percentage of viable cells in this 
treatment was 94 to 98 as judged by trypan 
blue exclusion. The amounts of ecdysteroid 
secreted into medium by these cells during 
6 hr incubation were approximately 70 to 
80% of the amounts secreted by PGs in in- 
tact cultivation. Fluctuation patterns of 
ecdysteroid secretion both in organ 
culture and in cell culture were quite 
similar, though the amounts of ecdysteroid 
detected in the later medium were some- 
what lower than those of the former medi- 
um. This in vitro system presented here 
promises to be useful in elucidating the 
physiology and biochemistry that under- 
lying the mode of action of prothoracico- 
tropic hormone on the ecdysteroid synthe- 
sis in PGs of the silkworm, Bombyx mori. 
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ISOLATION AND IDENTIFICATION OF NEW 22-DEOXY- 
ECDYSTEROIDS FROM THE SILKWORM, BOMBYX MORI. 
H. Sonobe*, M. Kamba’, Y. Mamiya’ and Y. Fujimoto. 
‘Dept. of Biol., Fac. of Sci., Konan Univ., Kobe. 
*Dept. of Chem. Fac. of Sci., Tokyo Inst. of 
Technol., Tokyo. 


In order to know the role of ecdysteroids in 
eggs, we have been engaging in analyzing the 
mature of ecdysteroids in the eggs of the 
silkworm, Bombyx mori. 

In this study, two unidentified free 
ecdysteroids and their phosphoric esters 
(conjugated form) were detected as peaks in HPLC 
profile, in addition to various ecdysteroids that 
have been already been identified in the silkworm 
eggs. Isolation of these unidentified ecdysteroids 
was achieved mainly by means of TLC on silica gel 
and HPLC using reverse phase, normal phase and ion 
exchange columns. The purified compounds were 
analyzed by NMR and mass specrometry. The free 
ecdysteroids were identified as 22-deoxy-20- 
hydroxyecdysone and its 3-epimer. The conjugates 
were identified as 22-deoxy-20-hydroxyecdysone 
3-phosphate and 3-epi-22-deoxy-20-hydroxyecdysone 
2-phospate. These ecdysteroids drastically 
fluctuated during embryogenesis. This is the first 
demonstration of these ecdysteroids in insect. 


THYROID HORMONE-MEDIATED REGULATION OF 
COLLAGENASE GENE EXPRESSION AND ITS 
RELATIONSHIP TO TISSUE DEGRADATION IN 
METAMORPHOSING BULLFROG TADPOLES. 
K.Oofusa, S.Yomori, J.Iikeya & 
K.Yoshizato. Lab. of Dev. Biol., 
Dept. of Biol. Sci., Fac.of Sci., 
Hiroshima Univ., Higashihiroshima. 


The aim of this study is to clarify TH 
(thyroid hormone) mediated regulation 
of collagen and collagenase gene 
expression and tissue degradation in 
bullfrog {Rana catesbeiana) tadpoles. 
We have isolated the gene encoding 
bullfrog collagenase and determined 
its DNA sequence. The exon/intron 
structure, transcription initiation 
site and its 5' flanking region of the 
gene were analyzed. Localization of 
collagen and collagenase producing 
cells and nuclear DNA degraded cells 
were determined using in situ 
hybridization and TUNEL analysis in 
relation to programmed cell death in 
tadpole tissues. 


THYROID HORMONE-DEPENDENT REGRESSTON 
OF MESENCHYMAL TISSUES IN TADPOLES. 
M.Chéno, K.Oofusa & K.Yoshizato. Lab. 
of Dev. Biol., Dept. of Biol. Sci., 
Fac. of Sci., Hiroshima Univ., 
Higashihiroshima. 


Tail regression of an anuran tadpole 
is triggered by thyroid hormone (TH). 
The collagenase plays an important 
role in the regression. Epidermis-—free 
tailfin didn't respond to thyroid 
hormone and fail to regress. The 
cultured bullfrog (Rana catesbeiana) 
tadpole tail skin secretes epidermal 
factors into the medium that regulate 
the tail regression. The aim of the 
present study is to know the relation- 
ship between the epidermai factor and 
collagenase. Immuno-histochemical 
studies showed that TH enhanced the 
expression of the enzyme in both 
epidermis and mesenchyme. Effect of 
factor the epidermis on the expression 
of collagenase was examined and the 
resuit is discussed in relation to TH- 
dependent celi death and cell prolif- 
eration and the epidermal factor. 


DIFFERENTIATION OF THE ACTIVE Na TRANSPORT 
ACROSS CULTURED LARVAL BULLFROG SKIN. 

M. Takada, Dept. of Physiol., Saitama 
Med. Sch., Moroyama, Iruma-gun, Saitama. 


Active Na transport across the larval 
bullfrog skin differentiates during 
metamorphosis. Effect of thyroid hormone, 
glucocorticoid, mineralocorticoid and 
prolactin on the differentiation of the 
transport was investigated in vitro. 
Larval bullfrog skin was cultured at stage 
XIII-XV with or without these hormones for 
two weeks. The active Na transport was 
measured as amiloride-sensitive short-— 
circuit current. Mineralocorticoid or 
glucocorticoid induced the differentiation 
of the transport. Although the transport 
was not induced by thyroid hormone or 
prolactin, prolactin inhibited the 
corticoid-induced transport and thyroid 
hormone had no effect on them. The 
corticoid-induced transport was developed 
even in the presence of amiloride, an 
inhibitor of Na channel. Thyroid hormone 
is not necessarily to induce the 
differentiation of the active Na transport 
across cultured larval bullfrog skin. The 
differentiation was induced by 
corticosteroids alone and was not affected 
by the differentiated amiloride-sensitive 
active Na transport system. 
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FEMALE-ATTRACTANT FROM MALE ABDOMINAL 
GLAND IN CYNOPS PYRRHOGASTER. 

F.Toyoda', H.Hayashi*, Y.Ohmiya‘, K.Matsuda‘ , 
S.Tanaka®> and S.Kikuyama‘*. ‘Nara Med. Univ., Nara, 
*Gunma Pref. Coll. Health Sci., Maebashi, *PRESTO, 
JRDC, Wako, ‘Waseda Univ., Tokyo, and “Inst. 
Endocrinol., Gunma Univ., Maebashi. 


In Japanese newt Cynops. pyrrhogaster, female- 
attracting substance has been confirmed to exist in 
the water soluble fraction extracted from abdominal 
glands of the male. Sephadex G-100 chromatography 
has revealed that the molecular weight of this 


active substance was less than 5000. The activity 
of this fraction was lost by  pronase-digestion. 
Using reverse-phase HPLC columns, the _  female- 
attracting substance was isolated from this active 
fraction. The amino acid sequence of this substance 
is SIPSKDALLK. The synthesized peptide was 
confirmed to attract the female of the Japanese newt 
as the native one. 


GONADOTROPIC AND GONADAL FUNCTIONS IN 
AGED FEMALE JAPANESE MONKEYS. 

M.Nozaki!, K.Taya? and G.Watanabe?. 
iprimate Res. Inst., Kyoto Univ., inuyama, 
and 2Lab. of Veterinary Physiol., Tokyo 
Univ.of Agricul. and Technol., Fuchu. 


Gonadotropic-gonadal functions were 
studied in aged (>20 yrs old) female 
Japanese monkeys (Macaca fuscata). Blood 
samples were collected weekly or monthly 
throughout a year, and plasma concentra- 
tions of gonadotropins and gonadal hormones 
were measured by RIAs. Females aged more 
than 25 years exhibited signs of menopause, 
such as reduced number of ovulation 
including unovulation during the breeding 
season. In contrast to females at repro- 
ductive ages, in menopausal females plasma 
LH was high during the breeding season, but 
decreased markedly during the nonbreeding 
season. Following sc administration of 
estradiol benzoate to aged females during 
the breeding season, plasma LH decreased to 
a nadir at 0.5 day, and then increased to a 
surge at 2.5 day. These results suggest 
that onset of the menopause occurs around 
25 years old in female Japanese monkeys 
under captivity, and that biannual changes 
in sensitivity of hypothalamo-hypophysial 
axis to the negative feedback action of 
estradiol are maintained even after the 
reproductive senescence. 


PROLIFERATION OF PITUITARY CELLS AND 
UTERINE CELLS IN STREPTOZOTOCIN-INDUCED 
DIABETIC MICE. 
S. Takahashi, S.Ohmizu and Y. Kobayashi. 
Dept. of Biol., Fac. of Sci., Okayama 
Univ, Okayama. 

Estrogen is the mitogenic factor in 
pituitaries and female reproductive 
tracts. The present study is aimed to 
clarify the estrogen-insulin relationship 
in the proliferation of pituitary cells. 
Also, we studied the difference in estro- 
gen-induced proliferation between pitui- 
taries and uteri. Ovariectomized ICR mice 
were given streptozotocin (STZ, 100mg/kg) 
intraperitoneally to induce the diabetes. 
Estrogen (50 wg, Es) and insulin (0.2 or 
0.4I1IU per twice a day) were given. Es 
stimulated the DOSE of pituitary cells 
(10. 9340. 73cells/mm“), compared with 
controls (3.594+0.67) in normal mice. In 
STZ-treated mice estrogen could not 
increase the mitosis (4.91+0.99), com- 
pared with controls (2.47+0.43). On the 
other hand, no differences was detected 
in estrogen-induced proliferation in 
uterine cells between normal mice and 
STZ-treated mice. Insulin recovered the 
diminished response to estrogen in pitui-~ 
tary cells of STZ-treated mice. The 
present study suggested that insulin may 
be involved in the estrogenic prolifera- 
tion of pituitary cells and there might 
be the difference in mechanism of estro- 
gen-induced proliferation between pitui- 
tary cells and uterine cells. 
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INSULIN STIMULATED THE PROLIFERATION OF 
PITUITARY CELLS IN MICE. 

S.Ohmizu, S.Takahashi, K.Nakatomi and 
Y. Kobayashi. Dept. of Biol., Fac. of 
Sci., Okayama Univ., Okayama. 

Insulin is Known to be a “progression 
factor” in the cell cycle models of 
various cells. Recently, we found that in 
rat pituitaries insulin was involved in 
estrogen-induced cell proliferation. The 
present study was aimed to clarify the 
effect of insulin on the proliferation of 
pituitary cells. Male ICR mice were used, 
and some of them were given streptozoto-— 
cin (STZ) intraperitoneally to induce 
insulin-deficient diabetic mice. The 
number of colchicine-arrested metaphase 
cells was measured. Particularly, prolif- 
eration of prolactin cells was observed, 
because prolactin cells are generally the 
most actively proliferating cells in 
pituitaries. Insulin was intraperitoneal- 
ly given at various doses. Insulin stimu- 
lated the proliferation of pituitary 
cells, and prolactin cells dose-—depend- 
ently in normal and STZ-treated diabetic 
mice, but the response to insulin was 
reduced in STZ-treated mice. These re- 
sults suggest that insulin is the mito- 
genic factor of pituitary cells. 
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COMPARATIVE STUDY ON THE MOVEMENTS OF 
SEVERAL FREE LIVING AMOEBAE 

A. Kihara and K. Ishii 

Lab. Biol., Hosei University, Tokyo 


The relationship between shapes of amoebae and the 
movements was investigated by using our original 
video-computer system. 

The time serial recording of speed of an amoeba 
contains various duration of oscillation. The oscilla- 
tion at shorter duration disappears by replacing each 
successive value to the moving average of longer 
duration. Thus the component of the original oscilla- 
tion of the particular duration could be estimated from 
the difference of two series of moving averages at 
shorter and longer duration. . 

Trichamoeba, which is a typical limax amoeba 
moving with single pseudopodium, changed its speed 
as single dominant oscillation in 10~20 seconds 
duration. This duration was well corresponded to the 
movements of the tip portion of its main pseudo- 
podium. In Amoeba proteus, the speeds contained 
two major oscillations in 10~20 s and around 500 s. 
Also in Myorella , there were two major oscillations at 
10~20 s and around 100 s. In Acanthamoeba, there 
were one dominant oscillation at 10~20 s and various 
minor oscillations. 

These results shows that a pseudopodium moves in 
oscillatory manner and the combinations of the 
several pseudopodia caused complex oscillations 
which might be specific to the species. 


VISUALIZATION OF ACANTHAMOEBA'S INNER Cyst WALL 
BY 4-HEXYLRESORCINOL 

H. Horikami, K. Ishii and *T. Tsuruhara. Lab. of Biol., Hosei 
Univ., Tokyo and *Dept. of Biol., Tokyo Gakugei Univ., To- 
kyo 


Acanthamoeba is very common amoeba by reasons of ubiq- 
uitously existence due to resistant cyst having double cyst 
walls. And for the recent increase in cases of acanthamoeba 
keratitis, especially among contact lens wearers, it becomes 
the target of public attension. 

On the other hand, classification of Acanthamoeba has not 
been based on morphology of trophozoite, but mainly on it of 
cyst. The inner cyst wall that is one of important criteria for 
it’s classification, however, can not be easily observed with 
light microscope as being in contact with cell membrane. 

We have found that 4-Hexylresorcinol (minimal effective 
concentration:10 mM in 20 % propyrene glycol soln/15 min 
on A. polyphaga, human keratitis strain) has not only cystici- 
dal action on Acanthamoeba, but also induce specifically 
condensation of cystic cytoplasm at higher concentration (e.g. 
50 mM) with overnight treatment. The cytoplasm has separ- 
ated from the inner wall and cyst arms also become perfectly 
disjoined from opercula. Consequently a gap between the 
inner wall and the condensed cytoplasm has extended to 
some times of a gap between the two cyst walls. According 
to light and electron microscopical investigations of treated 
cysts morphological features of their double walls and oper- 
cula are hardly affected by this new disinfectant. 

Similar results have been obtained from other species in 
Acanthamoeba (A. astronyxis, A. comandoni, A. castellanii, 
A. hatchetti, and A. culbertsont). 

It is discussed that the new disinfectant may be very useful 
to identification of species in Acanthamoeba. 


BIOSYNTHESIS OF CYST-SPECIFIC PROTEINS 
IN ACANTHAMOEBA CASTELLANII. 
Y.Hirukawa!, S.Izumi!, T.Tsuruhara? and S.Tomino!. 
1Dept. Biol., Tokyo Metropol. Univ., Hachiohji. 
2Dept. Biol., Tokyo Gakugei Univ., Koganei. 


A small soil amoeba, Acanthamoeba, has two stages 
in their life cycle: trophozoite and cyst stages. The 
trophozoite can be induced to encyst by starvation. To 
analyze molecular mechanism underlying the cell 
differentiation of A. castellanii (Neff), we attempted 
to detect the cyst-specific proteins. SDS-PAGE 
analysis of cellular proteins revealed that some 
proteins that are present in trophozoites disappear, 
and the cyst specific proteins with molecular weights 
25K and 60K, respectively, appear in the soluble 
fraction during encystment. Marked change was 
observed in the high molecular (>70K) proteins in the 
insoluble fraction. We isolated RNAs from 
trophozoites and cysts, and translated in a reticurocyte 
lysate system, which demonstrated the occurrence in 
cysts of mRNA coding for a cyst specific protein with 
molecular weight 25K. 


MORPHOLOGICAL AND BIOCHEMICAL STUDIES ON THE 
CHROMOSOME OF OXYRRHI " ' 
K.H.Kato, A.Moriyama and H.Sato. Coll. 
General Educ., Nagoya City Univ.,Nagoya, 
Nagano Univ., Ueda. 


A marine dinoflagellate, Oxyrrhis marina 
was cultured in our laboratory being fed 
with E.coli. Morphological and biochemical 
characters of their nucleus and chromosomes 
were studied. In interphase nucleus, poly- 
tene chromosomes were observed attached to 
the nuclear pore by their ends. On mitosis, 
they moved in a cluster to the equatorial 
zone within the nucleus, but did not form a 
typical equatorial plate. Several bundles of 
intranuclear microtubules which connect two 
nuclear pores at two opposite poles were 
observed. The nuclear division proceed con- 
comitant with the cytokinesis. 

Nuclei were isolated by a modified method 
for other dinoflagellates (Rizzo, '73). 
Nuclear fraction was then processed for 
extraction of histones by ordinary method. 
Protein components of the extract were 
analyzed on the SDS-PAGE. In comparison with 
histones of a sea urchin extracted by the 
same method, it was found that Oxyrrhis 
lacks hitones which universally coexists 
with chromatin of the eukaryota. In place 
of typical histones, a characteristic basic 
protein was detected. Biochemical chara- 
cters, function(s) and spatial distribution 
of this protein were examined. Classifica- 
tion of several dinoflagellata was discussed 
on the basis of chromatin constitution. 
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STRUCTURE OF MICROTUBULAR AXONEME IN A 
HELIOZOAN Actinophrys sol 

Y. Inai, T. Suzaki and Y. Shigenaka 
Laboratory of Cell Physiology, Faculty of 
Integrated Arts and Sciences, Hiroshima 
University, Higashi-Hiroshima 


A protozoan Actinophrys sol radiates 
needlelike pseudopodia Called axopodia from 
a spherical cell body. In each axopodium, an 
axoneme is present as a cytoskeleton, which 
is a bundle of microtubules interconnected 
with links. MTOC (microtubules organizing 
center) for the axonemal microtubules is the 
surface of the nucleus located at the center 
of the cell body. In this study, to examine 
the relationship between axonemes and the 
nucleus, we observed the axoneme-nucleus 
complex by electron microscopy. The complex 
was isolated by dissolving cell body and 
stabilizing microtubules with EGTA and taxol. 
We also isolated microtubular cytoskeletons 
and analyzed their protein composition by 
SDS-PAGE. 


AXOPODIAL CONTRACTION IN A HELIOZOAN 
ACTINOPHRYS SOL. II. 

E. Kinoshita, T. Suzaki, Y. Shigenaka. 
Fac. Integr. Arts and Sci., Hiroshima 
Univ., Higashi-Hiroshima. 


In general, a heliozoan cell bears 
hundreds of needle-like axopodia radiating 
from the spherical cell body. Using each of 
these axopodia, it captures various kinds 
of food organisms such as_ ciliates, 
flagellates and rotifers. In a_ single- 
nucleated heliozoan Actinophrys sol, a very 
rapid contraction of an axopodium occurs to 
carry the prey toward the cell surface when 
a food organism happens to attach to the 
distal part of the axopodium. We have 
already reported that the driving force for 
this contraction is considerd to be 
generated by the contraction of a bundle of 
filamentous structures peculiar to this 
protozoan species called "contractile 
tubules" which is located just beside the 
axonemal microtubules. In this study, we 
report that morphological change of the 
contractile tubules takes place during 
axopodial shortening by cold or colchicine 
treatment. We also examined the process of 
recovery of the contractile tubules to the 
initial tubular structures after the 
treatment. 


MORPHOLOGICAL CHANGES OF HELIOZOAN AXONEMAL 
MICROTUBULES INDUCED BY VINBLASTINE 
TREATMENT. 


Y. Shigenaka, Y. Inai and T. Suzaki. Lab. of 
Cell Physiol., Fac. of Integr. Arts & Sci., 
Hiroshima Univ., Higashi-Hiroshima 

In a heliozoan Echinosphaerium 
nucleofilum, degradation process of axonemal 
microtubules induced by vinblastine 
treatment was studied especially from 
morphological viewpoints. As the results, 
higher concentrations of vinblastine (0.1 ~ 
0.5 mM) induced formation of C-shaped and 
fluffy microtubules through the process of 
degradation of microtubules by 
themselves, but formation of 
paracrystal-like structures by adding 
colchicine (0.5 mM) or colcemid (0.1 mM) to 
that solution. Lower concentrations of 
vinblastine (0.01 ~ 0.05 mM),however, were 
found to result in formation of a number of 
satellite axonemes. Finally, the mechanism 
of these morphological changes were discussed 
in detail. 


DIELECTRIC MONITORING OF EUGLENOID CELL 
MOVEMENT IN Euglena gracilis 

T. Suzaki Lab. Cell Physiology, Faculty of 
Integrated Arts and Sciences, Hiroshima 
University, Higashi-Hiroshima. 


Dielectric behavior of elongated and rounded 
cells of Euglena gracilis were observed over 
a frequency range between 1 kHz and 500 MHz. 
Rounding-up movement of the cell was evoked 
by gentle centrifugation at 500 x g for 5 min. 
The elongated cells showed a broad dielectric 
dispersion, which was composed of two 
subdispersions with characteristic 
frequencies at 10-20 kHz and 30-40 MHz. When 
examined with the rounded cells, these two 
components were overlapped with each other to 
form an apparently single dispersion. Total 
permittivity increment became smaller by a 
factor of 2, with concurrent increase in 
suspension conductivity. By combining the 
observed dispersion curves and morphological 
parameters obtained from light microscopy, we 
examined the cell's dielectric behavior on 
the basis of an "ellipsoidal-cell" model. 
Analysis by a computerized curve-fitting 
procedure showed that observed changes in the 
dielectric behavior of E. gracilis was 
satisfactory interpreted in terms of the 
Maxwell-Wagner dispersion theory. 
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ISOLATION AND CHARACTERIZATION OF MITOCHONDRIAL 
PLASMID OF Paramecium caudatum. 
D.Kamimura’: 7, S.Komatsu'-*, T.Inoue*, T.Ando7, 
M.Ikegami*, H.Endo*, Y.Tsukii* and K. Yazaki*- 
?Tokyo Metropol. Inst.Med.Sci.,*College Agr. Vetern. 
Med.,Nihon Univ., *Nodai Res. Inst.,Tokyo Univ. Agr. 
and “*Hosei Univ. 


Double-stranded DNA plasmids were found in mito- 
chondria in many stocks of Paramecium caudatun. 
There are three types of plasmids, and each stock 
had one of them or none in the mitochondria. DNAs 
of all these three types of plasmids were blocked 
to enter agarose gels when digestion with protein- 
ase K was omitted from purification procedure. This 
suggests that these DNAs are associated with 
protein(s). 

Separation of the DNA-protein complex from 
mitochondria was attempted. The complex could not 
be removed from mitochondria by disrupting them in 
a hypotonic solution, or detergent treatments. With 
CHAPS and DOC treatment of the mitochondria, the 
complex could be isolated from mitochondria. In 
electronmicroscopic observation, the complex showed 
strands of various thickness and condensed forms. 
Some of the strands looked to bind to the membran- 
ous structure. It suggests that the complex 
strongly binds to the mitochondrial membrane. 


ISOLATION AND CHARACTERIZATION OF MACRONUCLEAR 
INCLUSION BODY OF Paramecium caudatun. 
S.Komatsu’:7, D.Kamimura':*, M.Ikagami*, T- Inoue’, 
T.Ando*, Y.Tsukii* and K.Yazaki'. ‘The Tokyo Metro. 
Inst. Mad. Sci,. *Nodai Res.Inst.,Tokyo Univ. Agr., 
7College Agr.Veter. Med., Nihon Univ., *Hosei Univ. 


Some strains of Paramecium caudatum were found to 
have macronuclear inclusion body that was distinct 
from bacterium. Number and size of the inclusion 
bodies varied in each macronucleus. Transplantation 
analysis and crossbreeding experiment indicated 
the character to maintain the inclusion body in 
macronucleus could infect to the other cells. And 
the infected trait was succeeded in all progeny 
cells. This suggests that some genetic factors are 
responsible for the multiplication of the inclusion 
body. The inclusion body changes its conformation 
according to culture condition of host cells. 

The inclusion body was separated from macro- 
nucleus of P.caudatum strain Nn4a. The separated 
inclusion body showed small gaps in its inside. 
A protein of 66k dalton was detected as an unique 
protein from the body. Characterization of protein 
and nucleic acid components are being attempted. 


PRODUCTION OF MONOCLONAL ANTIBODIES SPECIFIC 
FOR INFECTIOUS FORM OF HOLOSPORA OBTUSA OF 
PARAMECIUM CAUDATUM. 

H.Dohra and M.Fujishima. Biological 
Institute, Fuculty of Science, Yamaguchi 
University, Yamaguchi. 


The Gram negative bacterium H.obtusa is 
a macronuclear specific symbiont of the 
ciliate P.caudatum. This bacterium changes 
its morphology in accordance with the growth 
of the host cells. When the host celis 
starve in the stationary phase of the 
growth, the reproductive short forms cease 
binary fissions, elongate themselves and 
differentiate to the infectious long forms. 
To detect bacterial stage-specific 
substances in the differentiation, in the 
present study, we intended to develope 
monoclonal antibodies(mAbs) specific for the 
infectious long forms. 

We isolated infectious long forms from 
the host homogenates and injected their 
sonicated brei into mice as the antigens. As 
a result, we obtained two mAbs specific for 
infectious forms. We show intra-cellular 
localities, molecular weights and timings 
of appearance and disappearance of the 
antigens in the differentiation by 
immunoelectron micro-scopy and immunoblots. 


MICRONUCLEAR REMOVAL IN THE CILIATE 
EUPLOTES AEDICULATUS. 

K.Sato. Dept. of Biol., Naruto University 
of Education, Naruto, Tokushima. 


To examine the roles of micronucleus in 
Euplotes, the micronuclei were removed 
from the two Euplotes (E. octocarinatus 
and E. patella syngen 2). The artificial 
amicronuclear cells died out after about 
one time cellular division. Their 
macronuclei decomposed. In this study, 
the micronuclei were removed from the 
another Euplotes, E. aediculatus, then the 
viability of the amicronuclear cells and 
morphological changes of macronuclei were 
examined. If the micronuclei were removed 
from the 28 vegetative cells, the three 
cells of them died out without cellular 
division, while the 24 cells died out 
after one time division. Though the 
remain one cell grew into 3 cells, they 
died out. Their alive periods were 3-7 
days. While, when micronuclei were 
removed from the cells at first, and then 
were transplanted into daughter cells of 
the amicronuclear cells, ten of the 14 
operated cells grew into clones. Although 
the morphological changes were examined at 
2-5 days after the micronuclear removal, 
abnormal changes could not be observed. 
Thus, the micronucleus plays the important 
roles in the vegetative phase, but the 
relationships between micronucleus and 
macronucleus seem to be different from the 
two described Euplotes. 
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EFFECTS OF HEAT-SHOCKS TREATED AT DIFFERENT 
TIMES AFTER TRANSECTION ON THE REGENERATING 
EVENTS IN FRAGMENTS OF THE CILIATE 
PSEUDOUROSTYLA. 
T.Takahashi. Biological Science, Fac. of 
Sci., Hiroshima Univ., Higashi-Hiroshima. 
We have already reported that micronu- 
clei have some important role(s) for the 
maintenance of normal oral apparatus in the 
vegetative growth of the ciliate Pseudo- 
urostyla. To know more detail somatic 
function of the micronuclei, many amicro- 
(ami-) and micronuclear (mi-) fragments, 
which were obtained from transection at 2h 
after cell division, were transferred from 
23°C to 38.5°C for 20min at different times 
after transection. Then, these heat- 
shocked fragments were fixed for silver 
impregnation with protargol at regular 


intervals. Regeneration of non-heat- 
shocked ami- and mi-fragments completed 
about 5-6h after transection. When ami- 


fragments were exposed at 38.5°C in the 
middle stages of regeneration (3-4h after 
transection), morphogenetic events of them 
were severely affected; that is, disinte- 
gration and/or disappearance of their 
developing structures were frequently 
observed. On the contrary, although 
abnormal morphology and patterning resulted 
from such high temperature treatment, 
regenerating events of these fragments 
progressed to the final stage. These 
results suggest that micronuclei may par- 
ticipate in some mechanisms for maintenance 
of the constructed cortical structures. 


GROWTH-INHIBITORY ACTIVITY IN 
TETRAHYMENA CULTURE MEDIUM IN 
THE STATIONARY PHASE OF GROWTH 
Kazumichi Suzuki, Tadao Takahashi, and 
Hiroshi Hosoya. 
Department of Biological Science, Faculty of 
Science, Hiroshima University, Higashi- 
Hiroshima, Hiroshima, 724, JAPAN. 


Protozoa stop their proliferation in the 
stationary phase of growth. We sought to 
investigate this mechanism by using the 
ciliate, Tetrahymena pyriformis. 

Here, we found that, in the stationary phase of 
growth, the culture medium (SP medium) had an 
activity to markedly reduce the growth rate of the 
ciliate. In the log phase of growth, the culture 
medium did not have this growth-inhibitory 
activity. This activity was lost by dialysis against a 
new medium. When the pH of SP medium (pH8.0) 
was adjusted to that of new medium (pH6.5), this 
activity was reduced. Further, when the pH of new 
medium was adjusted to that of SP medium 
(pH8.0), the growth rate of the ciliate was 
reduced. These results suggest that pH in the 
culture medium is very important for cell 
proliferation. Further biochemical works are in 
progress to elucidate this activity. 


Appearance of two polypeptides during 
encystment in the stichotrich ciliate, 


Histriculus cavicola. 
M. Himura and T. Matsusaka, Dept. of Biol. Sci., Fac. of Sci., 


Kumamoto Univ., Kumamoto 


Encystment of ciliated protozoa offers an attractive model 
system for the studies on both cytodifferentiation (cyst wall 
formation) and cytodedifferentiation (loss of ciliatures). We 
analysed, by SDS-PAGE, the whole proteins of the cysts and 
trophozoites of the stichotrich ciliate, Histriculus cavicola, and 
identified several cyst specific polypeptides. To obtain reliable 
markers to trace the genesis of cyst specific proteins, we raised 
two polyclonal antisera against cyst specific 54 kD and 140 kD 
polypeptides. Immuno-electron microscope observations using 
these antisera demonstrated that the 54 kD polypeptide was 
specifically localized in the mesocyst, the middle layer of the 3 
layered cyst wall and that the 140 kD polypeptide was present 
only in the micronuclei of the mature cysts and the young cysts 
with at least 2 layers of cyst wall, ectocyst and mesocyst, but 
not in those of the trophozoites. Western blot analyses 
demonstrated that both antigens appeared first in the spherical 
cells, the cells in the late phase of encystment. The present 
Study is the first report that demonstrate clearly the presence of 
cyst specific antigen in the micronuclei of the cysts. 


MEIOSIS-REINITIATION-INDUCING FACTOR 
(MRIF) OF TETRAHYMENA INDUCES MOS- 
SYNTHESIS AND DEPHOSPHORYLATION OF CDC2 
AND MPF-ACTIVITY IN XENOPUS OOCYTE 

E. Ogawal, M. Fujishima! and N. Sagata2 . 
lBiol. Inst., Fac. of Sci., Yamaguchi 
Univ., Yamaguchi and 2Inst. of Life Sci., 
Kurume Univ., Kurume. 


Reinitiation of meiosis (maturation) 
of Xenopus oocyte is induced if 
Tetrahymena extract was injected into 
them, and MPF-activity appears in the 
recipients after the injection. Action of 
this factor (meiosis-reinitiation-inducing 
factor, MRIF) on the induction of 
Maturation was inhibited by-treatment of 
the oocytes with cycloheximide. 

Immunoblot using PSTAIR antibody showed 
that injection of Tetrahymena extract 
induced dephosphorylation of the recipient 
cdc2. These results indicate that MRIF 
functions upstream of MPF to induce 
active-MPF. Immunoblot using anti-p39705% 
antibodies showed that mos appears in the 
oocytes when germinal vesicle breakdown 
(GVBD) was induced by injection of MRIF. 
This strongly suggests that the primary 
function of the injected MRIF in the 
oocyte may be induction of synthesis of 
mos protein, because it is known that mos 
is not synthesized in the oocytes in the 
presence of cycloheximide and mos induces 
active-MPF. 
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SOME ULTRASTRUCTURAL FEATURES OF MACRO- AND 
MICRONUCLEI DURING CONJUGATION IN 
PARAMECIUM CAUDATUM. 

T. Watanabe and T. Neichi, Biol. Inst., 
Fac. Sci., Tohoku Univ., Sendai. 


Micronuclei of Paramecium caudatum at the 
characteristic prophase(crescent stage) of 
the first meitic division were elongated 
and curved. They contained aggregates of 
fibrillar material scattered uniformely 
throughout the nucleoplasm and a single 
layer of intranuclear microtubules located 
close under the inner nuclear membrane. No 
synaptonemal complex structure can be seen 
throughout the meiotic prophase. Macronu- 
clei at the crescent stage showed many 
incision which is a presage of the macro- 
nuclear fragmentation. During subsequent 
meiotic divisions and also the postconju- 
gational nuclear divisions, spindle micro- 
tubules were distributed evenly throughout 
the nucleoplasm and aligned in one direc- 
tion. Chromosomes of uniform thickness were 
aligned parallel to the bundle of the mi- 
crotubules. The kinetochore was not obser- 
ved. In the macronuclear anlage, the small 
body (chromatin aggregate) was not formed. 
The chormatin materials were dispersed 

in the nucleoplasm of the macronuclear 
anlagen. In the fragmented old macronuclei, 
the aggregated nucleoli and a reduced num- 
ber of the small bodies were observed. 


ULTRASTRUCTURE OF THE NUCLEAR EVENTS DURING 
BINARY FISSION IN PARAMECIUM TRICHIUM. 

Y. Yashima. Dept. of Biol., Sch. of Lib. Arts 
and Sci., Iwate Med. Univ., Morioka. 

Paramecium trichium(strain OMl) has, like 
other ciliates, two types of nuclei. The larger 
is the macronucleus(MA) and the smaller is the 
micronucleus (MI). In order to examine the 
nuclear events during binary fission, dividing 
cells were isolated and placed in a culture 
medium and cultured at 25 CC. For electron 
microscopy, materials were fixed with 3% 
glutaraldehyde and 1% Os04 at a definite time 
and prepared using a common method. From the 
interphase to the anaphase, MA and MI were in 
contact by fine fibrils which attatched to the 
extra surface of the nuclear membranes at an 
interval of 0.04~0.08um and the connection 
of microtubules between the nuclear pores of 
MA and MI as seen in Paramecium multimicro- 
nucleatum was not observed. From 2hr after 
the begging of cell division to the end of 
interphase, isolated groups of nucleolus were 
present throughout the MA and the chromatin 
unchanged. Among these groups of nucleoli 
numerous fine granules were present. From the 
prophase to the interphase(1l hr after the 
begging of cell division), these nucleoli 
spread out and individual nucleolus was 
present in WA. In this stage chromatin became 
more pronounced and formed a network. 

These results suggest that MI division is 
initiated when the MI is connected with the 
WA and then the nucleoli and chromatin change. 


EFFECTS OF K* AND VALINOMYCIN ON THE NUCLEAR 
DIFFERENTIATION IN EXCONJUGANTS OF 
PARAMECIUM CAUDATUM 

K. Mikami and R. Ohtsu, Res.Inst.for Sci. 
Educ., Miyagi Univ.of Educ., Sendai. 5 

The somatic macro- and germinal micro- 
nuclear differentiation after conjugation of 
P. caudatum is known to be determined by an 
anteroposterior localization of the micro- 
nuclei immediately after the third division 
of a micronucleus (fertilization nucleus). 
The nuclear localization is achieved by the 
elongation of mitotic spindles and a marked 
shortening in cell length at the micro- 
nuclear division. 

1) In the present study, the cell 
shortening was inhibited effectively ina 
solution of Kt (50mM) and Valinomycin (21 
ug/ml). However, macronuclear anlagen 
developed in the treated cells. We can say 
that the nuclear differentiation is inde- 
pendent of the shortening in cell length. 

2) To know whether or not the nuclear 
differentiation is correlated to the two 
opposite anteroposterior gradients of K* and 
Ca2+ ion channels, the effect of Valinomycin 
and/or Kt was investigated. So far, the 
treatment with Valinomycin and/or Kt did not 
induce apparently an excess number of macro- 
nuclear anlagen but rather inhibited normal 
differentiation of the anlagen, although 
microinjection of an amount of Kt (50mM) 
solution at the stage of the differentiation 
inclined to increase the number of macro- 
nuclear anlagen. 


ULTRASTRUCTURAL FEATURES OF THE PRIMARY 
PHARYNX IN THE EARLY EMBRYO OF THE 
PLANARIAN, BDELLOCEPHALA BRUNNEA. 

Ty. sakura. MDiv wicelMsciky cent. Res 
Lab., Fukushima Med. Col., Fukushima. 


The primary pharynx is a cylindrical 
embryonic organ which sucks a large number 
of extra-embryonic yolk cells. To clarify 
the relationship between the structure and 
the function of the pharynx, the present 
study reported its ultrastructure. It was 
the most striking feature of the primary 
pharynx that its wall was composed of 
sponge-like cells in which two types of 
cells were identified, i.e., muscle-typed 
cell (M-cell) and vacuole-containing cell 
(V-cell). The M-cells included actin fil- 
aments and glycogen fields in the cyto- 
plasm and were arranged just around the 
epithelial cells lining the pharyngeal 
lumen. The V-cells whose cytoplasm was 
full of large vacuoles surrounded the M- 
cells, forming the outer wall. These ob- 
servations indicates that M-cells directly 
participate in the yolk-cell suck of the 
pharynx through their contractile movement 
and V-cells are responsible for elasticity 
and mechanical strength of the pharynx. 
Its another feature was the presence of 
cored vesicles in the cytoplasm of the 
epithelial cells during the yolk-cell 
suck. This suggests that these vesicles 
are closely connected with the sucking 
movement of the primary pharynx. 
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DISTRIBUTION AND CHANGES OF SEROTONINLIKE 
IMMUNOREACTIVITY IN THE CENTRAL NERVOUS 
SYSTEM OF THE SLUG, LIMAX MARGINATUS. 
N. Seo and N. Makino, Dept. of Biol., 
Tokyo Med. Coll., Tokyo 


We have studied the endocrine control 
system of the sexual growth about the slug 
(Limax marginatus), we reported that the 
growth of germ cells in the ovotestis were 
controled by a few hormons from neurosec- 
retory cells in the central nervous system 
, the cerebral (C) ganglion and the sub- 
oesophageal (S) ganglion. 

The central nervous system of Limax 
marginatus contained many serotoninlike 
immunoreactive (SLIR) cells. The immuno- 
histochemical staining was used an anti- 
serotonin antibody (polyclonal rabit anti- 
body raised against a complex of seroto- 
nin). The present study is designed to 
explain that SLIR cells have relation to 
the preceding neurosecretion. For this 
reason, serotonin is known as both excita-— 
tory and inhibitory neurotransmitters in 
Mollusca also. Distribution and changes in 
some postembryonic stages of SLIR cells 
were studied. SLIR cells distributed to 
the C gandlion and the right parietal gan- 
glion, the visceral ganlion and right and 
left pedal ganglia belonged to the S gan- 
glion. SLIR cells lay in clusters, contai- 
ning a few large cells and many small 
cells. In less mature stages, about 300 
SLIR cells were observed. In post-reprodu- 
ctive stages, the number of SLIR cells 
decreased to about 50. 


OBSERVATIONS ON THE FEMALE GENITAL ORGANS, 
ESPECIALLY GERMARIA, IN THE LAND PLANARIAN, 
BIPALIUM PENNSYLVANICUM. 
Y. Shirasawa and N. Makino. Dept. of Biol. 
Tokyo Med. Coll. Tokyo 


The development and the regenerative abi- 
lities of genital organs in larvae of the 
land planarian, B. pennsylvanicum were _ re- 
ported (Y. Shirasawa and N. Makino, 1992). 
In the present study, the structures of the 
female genital organs, especially the ovary 
called ‘germarium’ where female germ cells 
and yolk granules are produced separately 
were investigated by light- and electron mi- 
croscopy. The germarium of the larva is com- 
posed of interstitial cells, oogonia, and 
oocytes to which yolk granules are supplied 
by adjacent ‘yolk gland’. Cristae-less mito- 
chondria and annulate lamellae which are re- 
lated to the development of yolk granules 
were observed in the growing oocytes of 
the matured. The histological preparations 
stained by Gomori’s aldehyde fuchsin and H-E 
revealed that, in four weeks regeneration, 
several basophilic cells are derived from 
the intestinal wall and accumulate in the 
parenchyma close to the ventral nerve cord 
along which AF-positive granules were rec- 
ognized. And that cells like to neuro-secre- 
tory ones migrate in the surrounding area 
of the accumulation of the basophilic cells. 
Moreover, the neoblasts which belong to the 
parenchyma appear to attend the accumulation 
which shoud differentiate into germarium. 


LOCALIZATION OF TYROSINE HYDROXYLASE- 
IMMUNOREACTIVITY IN THE CENTRAL NERVOUS 
SYSTEM OF THE SILVER LAMPREY. 

T. Kadota and R.G. Northcutt. Neurobiology 
Unit, SIO, and Dept. of Neurosci., Sch. of 
Med., UCSD, La Jolla, CA 92093-0201, USA. 


Catecholamines were localized in brain 
and upper spinal segments of the silver 
lamprey, Ichthyomyzon unicuspis using 
immunohistochemical techniques with an 
antibody to the tyrosine hydroxylase (TH). 
The distribution of TH immunoreactive (THi) 
neurons are located in 5 groups. The first 
group of THi neurons is located in the 
olfactory bulb. The second group of THi 
neurons is in the preoptic nucleus, most of 
which are liquor-contacting neurons 
(LCNs), and is comprised of anterior and 
posterior parts: the anterior neurons are 
located in the suprachiasmatic position, 
and the posterior neurons have long curved 
proximal processes, many of which branch. 
The third group of THi LCNs is distributed 
along the third ventricle. The forth group 
of THi neurons is located in the posterior 
tubercle and the processes of these neurons 
are widely distributed. From the medullo- 
spinal junction through the spinal cord, 
the fifth THi LCNs are found just ventral 
to the central canal, with distal processes 
exiting ventrolaterally. We conclude that 
the organization of TH immunoreactivity in 
the forebrain in silver lampreys is similar 
to that seen in other nonmammalian 
vertebrates. 


DISTRIBUTION AND ULTRASTRUCTURE OF 
THE EXTRABRANCHIAL ION-TRANSPORTING 
TISSUES IN SOME CRUSTACEANS. 

S. Kikuchi and M. Matsumasa 


Dept. of Biol., Sch. of Lib. Arts and Sci., Iwate Med. 
Univ., Morioka 


We found several kinds of extrabranchial ion- 
permeable areas in some amphipods (the sterna, the 
sternal gills, the discoid tissues on the medial surfaces 
of the bases of the pereopods, the patch-shaped tissues 
on the afferent blood vessels to the coxal gills) and in 
a tanaid and some decapods (the inner surfaces of the 
branchiostegites). All of these areas are covered by 
extremely thin cuticle layers and are composed of 
transporting-type epithelia characterized by well- 
developed lamellar infoldings or tubular invaginations 
of the baso-lateral cell membranes associated with a 
large number of mitochondria, in contrast to the gill 
epithelia characterized by an abundance of apical 
infoldings. The results suggest that these unique 
tissues, together with the gill epithelia, are involved in 
the active transport of electrolytes to maintain 
constant osmotic pressures of the body fluids. 
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MICROSTRUCTURE OF THE BARREL- 
SHAPED LARVA OF ASTROPECTEN 
LATESPINOSUS MEISSNER, WITH SPECIAL 
REFERENCE TO SENSORY NEURONS. 

M. Komatsu and M. Tamra. Dept. of Biol., Fac. of 
Sci., Toyama Univ., Toyama. 

Larvae of the seastars are generally bipinnariae 
and/or brachiolariae, both of which are furnished with 
apparent processes called arms. However, 3 astropectinid 
species including the present species have been reported 


FURTHER STUDY ON THE CERRBROVASCULAR SP-IMMUNOREACTIVE 
NERVES IN MICROCHIROPTERAN SPECIES. 

K. ANDO‘, A. ISHIKAWA' and N.OKURA 

"Biol. Lab., Liberal art,Kyushu sangyo Univ. , Fukuoka, 
2700l. Lab., Faculty of Agul., Kyushu Univ., Fukuoka. 


The nature and origin of cerebrovascular nerves with 
substance P (SP) immunoreactivity (IR) in the greater 
horseshoe and bent-winged bats are reviewed in accord- 
ance with the data obtained from double immunostaining 
for vasoactive intestinal polypeptide (VIP) and SP, for 
VIP and calcitonin-gene related peptide (CGRP), and for 
SP and CGRP. Nerves with SP-IR but not CGRP-IR innerva- 
ting the cerebral arterial tree emitted a bright immuno- 
fluorescence for (VIP) in the greater horseshoe hat, but 
were no IR to VIP in the bent-winged bat. In the greater 


passing through only the barrel-shaped larva which bears 
no arms during development. Little is known on the 
internal structure and microstructure of the barrel- 
shaped larvae, while developmental process and external 
morphology have been reported in detail. Therefore, it 
is interesting to study the microstructure of the barrel- 
shaped larva to clarify the nature of this larva. 

In the present study, microstructure of the barrel- 
shaped larva of A. /atespinosus was studied with a TEM. 
The result shows that the digestive tract is mor- 
phologically less functional when compared to that 
of the bipinnaria larvae. Cells very similar to the 
sensory neuron, which was found on the ciliary bands 
of the bipinnaria larvae, are observed on the body wall 
of the anterior part of the barrel-shaped larva. Details 
are presented on these cells. 


MORPHOLOGY AND DISTRIBUTION OF SEROTONIN 
IMMUNOREACTIVE CELLS IN THE TRACHEAL EPITHELIUM 
OF THE TOKYO SALAMANDER, HYNOBIUS TOKYOENSIS. 

Y. Kikuchi, T. Gom, A. Kimura, K. Kishi 

Dept. of Anat. Sch of Med. Toho Univ., Tokyo 


The serial sections of the trachea of the 
Tokyo Salamander (Hynobius tokyoensis) were 
stained by immunocytochemical method for 
serotonin (SER). SER is one of the main amines 
that exists in neuroendocrine cells (NECs) in the 
mammalian lung, and it is suitable as an excellent 
marker for NECs. In the aditus laryngis and 
trachea, all SER-immunoreactive cells (SER-ICs) 
were observed as solitary cells. Some SER-ICs were 
"open type” cells which opened to thetracheal 
lumen. In the pulmonary airway portion, SER-ICs 
existed as both solitary cells and cluster cells 
(grouped cells, neuroepithelial bodies). SER-ICs 
were widely destributed in all regions of the 
airway epithelium, but they tended to be observed 
mainly in the upper portion of the airway, and 
less in the lower portion. In the cranial region 
of trachea, sphincter was observed surrounding 
the trachea on the outer side of the lateral 
cartilages. A large number of SER-ICs were seen in 
this region. In the lung, a few SER-ICs were 
observed in airway portion but they were not 
identified in the respiratory portion. In the 
immunocytochemical method, the morphology and 
distribution of SER-ICs were simillar to the 
mammalian NECs. 


horseshoe bat, a large number of cell bodies with both 
SP- and VIP-IR was observed with regard to many cranial 
ganglia found along various branches of the facial or 
glossopharyngeal nerve. No cell bodies immunoreactive 
to both SP and VIP were contained in the sensory and 
sympathetic ganglia that project to the cerebral vas- 
cular bed. In addition, several thick SP- and VJP-IR 
fibre bundles were seen to be present on the internal 
carotid artery (ICA) just after entering the cranial 
cavity, and to extend progressively toward the basilar 
artery. From these and other findings, it is suggested 
that the rich innervation of the vertebrobasilar system 
by nerves with both SP- and VIP-IR in the greater horse- 
shoe bat originates in neurons with the same combination 
of peptide-IR from the major or local cranial facial or 
glossopharyngeal parasympathetic ganglia that enter the 
cranial cavity along the ICA, although there are a few 
cerebral perivascular axons with both SP-and CGRP-IR or 
with CGRP-IR but not SP-IR in this bat, and all the SP- 
IR axons without CGRP-IR in the bent-winged bat, which 
do not express VIP-IR, are probably of sensory origin 


CONFOCAL SCANNING LASER MICROSCOPIC 
OBSERVATION OF SCALES OF THE FLOUNDER, 
PARALICHTHYS OLIVACEUS. 

°5. Kikuchi!, H. Nakamura? and A. Shimozawa? 
‘Mar. Ecosystems Res. Ctr., Chiba Univ., 
Chiba, 2Dept. Anat.,Dokkyo Univ. Sch. 
Med., Tochigi. 


Confocal scanning laser microscope 
enables us not only to view surface 
minute structures like SEM but also to 
quantify the structure from produced 
images. Scales of fish are never smooth, 
but had a surface ornamentation, such as 
ridges and grooves, forming circular 
rings around a center called the focus. 
The diffrence between cycloid and ctenoid 
scales is apparent. Ctenoid scales have 
spinous teeth on and near the caudal rim 
but cycloid scales lacks them. In the 
flounder, ctenoid scales are found on the 
ocular side of the fish and cycloid 
scales on the blind side. Scales of each 
side of fish were plucked, soaked in 10% 
NaOH to remove the epithelium and 
air-dried before examined with a confocal 
scanning laser microscope. The ridges in 
the image was high and steep in the 
cycloid scales while low and gentle in 
the ctenoid scales and statistic analysis 
confirmed these structural differences of 
the scale types. Confocal laser scanning 
microscopy can be a useful method to 
study on the surface structure of hard 
tissues from living organisms such as 
fish scales. 
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SYNAPTOLOGY OF CEREBELLAR PURKINJE CELLS 
IN TELEOST, CARASSTIUS AURATUS. 

A. Matsumura and N. Shinomiya. Dept. of 
Biol., Natl. Def. Med. Coll.. Tokorozawa. 


The fine structure of the terminal 
boutons synapsing on the surface of 
cerebellar Purkinje cells in goldfish, 
Carassius auratus, was examined using a 
transmission electron microscope. In the 
distal dendrites, many spines of about 
lo um length protruded(about 1 um apart) 
and terminal boutons with asymmetrical 
synapses and wide synaptic clefts (Gray 
type I) were found to contact on the head 
of each spine. Boutons with symmetrical 
synapses and narrow synaptic clefts (Gray 
type I) came into contact on the trunks 
of apical dendrites and cell bodies. 
Among these, a relatively large number 
of terminals distributed and formed 
synaptic junctions with the axon hillock 
region, though the neurons containing 
nuclei were found to _ have only 0-7 
axo-somatic synaptic contacts per section. 
Synaptic vesicles of both the spherical 
S-type and flattened F-type were found 
within each terminal bouton. These 
results suggest that almost all of the 
boutons contacting dendrites were ter- 
minals of parallel fibers and that basket 
cells and climbing fibers may be absent, 
extremely rare or immature in the goldfish 
cerebellum. 


EPIDERMAL IRIDOPHORE IN A FROG, 
RHACOPHORUS ARBOREUS 

M. Yasutomi. Biol. Lab., Aichi Med. 
College, Aichi. 


In anurans, three types of chromato- 
phore such as melanophore, xanthophore and 
iridophore are seen in their integuments. 
Among these chromatophore types, two 
melanophore types, namely epidermal and 
dermal melanophores, are distinguished 
according to their shape and location. 
While, xanthophores and iridophores are 
generally located in the dermis and not 
in the epidermis. Exceptionally, the 
epidermal xanthophores have been described 
in some amphibian urodeles (Oliphant,1973; 
Pederzoli and Trevisan,1990). Until now, 
there have been no reports about epidermal 
iridophores. 

In the tadpoles of R. arboreus, irido- 
phores were frequently seen in the epi- 
dermis of their back skin. The epidermal 
iridophore is the same shape as one in the 
dermis. Electron microscopically, many 
guanine platelets were seen in the cyto- 
plasm. The epidermal iridophores showed 
no responses to hormones such as epineph- 
rine and acetylcholine. 

In tres frogs, the epidermal melano- 
phores disappear during metamorphosis and 
this phenomenon may be an adaptation for 
rapid color change, a property which the 
tadpoles acquire after metamorphosis. 

The epidermal iridophores of R. arboreus 
also disappeared at metamorphic stage. 


THE EXPRESSION OF CELL ADHESION MOLECULES 
IN LEUCOPHORES IN ORYZIAS LATIPES. 
Toshihiko Fukuzawa and Masataka Obika 
Department of Biology, Keio University, 
Hiyoshi, Kohoku-ku, Yokohama 223, Japan. 


Three types of pigment cells are generally 


known in vertebrates, that is, 
melanophores, iridophores, and 
xanthophores. In addition, leucophores 


are present in certain fishes including 
Oryzias latipes. Since leucophores look 
white in color, they have been generally 
categorized as the same type of cells as 
iridophores. However, little is known 
about the cytological aspects of 
leucophores. We have recently studied the 
expression of cell adhesion molecules in 
three types of pigment cells to reveal the 
mechanisms of pigment pattern formation. 
This time, we further examined the 
expression of cell adhesion molecules in 
leucophores. Leucophores were cultured 
from Oryzias latipes, and the expression 
of N-cadherin was examined by 
immunocytochemistry. The result 
demonstrated that N-cadherin was expressed 
in the tip or the base of the dendrite, or 
in the edge in-between the dendrites of 
leucophores. This expression pattern of 
N-cadherin in leucophores resembled that 
of xanthophores, but differed from those 
of melanophores or iridophores, which did 
not express N-cadherin. 


SCANNING ELECTRON MICROSCOPY OF CHEMICALLY- 
DIGESTED CEREBRAL GANGLION OF THE ADULT 
ASCIDIAN, HALOCYNTHIA RORETZI. 

S. Kajiwara, Dept. Biol., Fac. Educ., Iwate Univ., Morioka. 


Scanning electron microscopical studies 
were made on the cerebral ganglion of the 
solitary ascidian, Halocynthia roretzi. The 
cerebral ganglion of the adult H. roretzi 
(weights about 150g) has a cylindrical shape 
which is one centimeter long and 0.4 
millimeters in diameter. It derives two 
nerve fibers from its both ends respectively. 
It is surrounded by a thick sheath composed 
of extracellular matrices. They are situated 
under the tunic between oral and atrial 
siphons. In the present study, I applied 
methods of chemical digestion of extracellular 
Matrices to obtain the surface morphology 
and the internal architecture of the cerebral 
ganglion. 

The cells at the surface of the cerebral 
ganglion of the H. roretzi were covered 
with matrices. The cerebral ganglion was 
composed of a cellular cortex and a fibrous 
medulla. The cell bodies in the cortex 
showed some morphological variations. They 
were spherical or oval and ranged from 6 to 
20 micrometers in diameter. The nerve fibers 
in the cortex ran parallel to the long axis 
of the ganglion. The medulla consisted of 
the nerve fibers which were ranging from 
0.3 to 1.0 micrometers in diameter. A few 
cells were also scattered within the medulla. 
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CLASSIFICATION OF TUNIC CELLS BASED ON 
MORPHOLOGY IN A COLONIAL ASCIDIAN 
APLIDIUM YAMAZII (POLYCLINIDAE) 

Euichi Hirose’, Teruhisa Ishi”, Yasunori Saito? and Yasuho 
Taneda*' Biological Laboratory, College of Agriculture and 
Veterinary Medicine, Nihon University, Fujisawa , 
?Shimoda Marine Research Center, University of 
Tsukuba, Shimoda, and *Department of Biology, Faculty 
of Education, Yokohama National University, Yokohama 


Aplidium yamazii is a colonial species of which tunic 
is almost transparent and containing a number of tunic cells 
and no tunic vascular vessels. Using live colony slices of 
this species, we have demonstrated a particular type of 
the tunic cells showing phagocytotic activity. Besides the 
phagocytic tunic cells, there were several types of tunic 
cells that were presumed to have various functions. The 
aim of the present study is the establishment of the tunic 
cell classification in this species. 

Six types of tunic cells and one type of multicellular 
structures were found in light and electron microscopic 
observations. The round granular tunic cells possibly 
concerned with excretion of wastes, because they 
appeared to be excreted out from the tunic . The 
elongated tunic cells formed networks in the tunic. They 
were similar to the myocytes described in Diplosoma 
which were estimated to function in the tunic contraction and 
the conduction of stimuli in the tunic. Some parts of the 
zooid's epidermis shows apocrine secretion, and this is 
probably the main source of the tunic secretion. The 
multicellular structure (called tunic vesicle) contained large 
amount of rER and round granules, and this structure might 
concemed with the tunic formation. 


THE PIGMENTED CIRCLE AROUND THE TIP OF THE 
SIPHONS IN PLEUROGONA ASCIDIAN 

Z.Hoshino! and A.Ueyama?. IDept. of Biol., 
Fac. of Educ. and ‘Research Center for 
Electron Microscopy, Iwate Univ., Morioka. 


In many Enterogona, if not all, ascidi- 
ans, the ocelli are found as pigmented 
spots in the notches between the lobes of 
the siphons, and in Pleurogona it is un- 
certain about the presence of ocelli. 

In order to understand the function of 
the ocellus of ascidian, morphological as- 
pects of the tip of the siphon in several 
Pleurogona ascidians were studied with 
light and electron microscope. 

Ocellus was not recognized externally. 
Although small pigment spot were found in 
the notches in Pyura sacciformis, Pyura 
mirabilis and Halocynthia hispida, those 
spots did not consist of a ditinct depres-— 
sion by PELLETIER: However, in all species 
examined the brims of the lobes of the 
branchial siphons were lined with pigment— 
ed columnar or cuboidal epithelial cells. 
Namely, around the tip of each siphon of 
the ascidians there is a pigmented circle 
which consists of lining pigment cells. 
The functions of these must remain in 
doubt. 

Materials examined; Styela clava 
aes vittata 
sacciformis 

mirabilis 


Talocynthia ror roretzi 
He hispida 


SCANNING ERECTRON MICROSCOPIC STUDIES ON THE DIGES- 
TIVE TRACT OF THE LOACHC(MISGURNUS ANGUILLICAUDATUS) 
Y.Sasaki and N.Makino. Dept. of Biology.,Tokyo Med. 
Coll., Tokyo. 


It is known that the loach has the intestinal res- 
piration. The alimentary tract of loach is simple 
in shape and short. The tract has three portions. 
There are the anterior part 1/3 of the tract,poste- 
rior part 1/2 of tract and the transitional part. 
The transitional part twists two or two and a half 
times. From histological and histochemical studies 
it is said that the anterior part of intestine has 
a digestive process and absorption and the poste- 
rior part has respiration.This time a lumen of this 
tract was observed the scanning electron microscopy 
The anterior part had well-developed villi and mi- 
crovilli grew on this epithelial cells.On the tran- 
sitional part, the height of villi became gradually 
low.The posterior part had no villi and straggling 
microvilli on the epitherial cells. On all portions 
goblet cells were observed and around these cells 
cilia were also observed. The rectum of goldfishes 
and frogs were no intestinal respiration were ob- 
served by SEM. The rectum of two animals had smooth 
lumen,no villi and straggling microvilli on the epi- 
thelial cells. This form was much the same as the 
posterior part of loach. But the epithelial form by 
transverse sections of the tract was different the 
loach from goldfish and frog : the former had cubic 
epithelium , the latter had cylindrical epithelium. 
And it added that epithelium of the loach was in- 
vaded by blood capillaries. According to the SEM 
observation of the lumen,these differences were not 
noticeable. 


THE EFFECT OF RICKETTSIA INFECTION TO THE 
BODY COLOR OF A’ TERRESTRIAL ISOPOD, 
ARMADILLIDIUM VULGARE 

S.Negishi, Dept. of Biol., Keio Univ., 
Yokohama. 


The group of iridovirus and rickettsiae 
are commonly associated with insects. In 
crustacea, recently, rickettsiae have been 
found in terrestrial isopods (Federici, 
1984). In Armadillidium vulgare in Japan, 
the infection of rickettsiae has been also 
observed. A number of vesicles containing 
numerous ovoid or dense bacilliform 
particles were observed in the isopod 
infected with rickettsiae. The former 
particles appear to be vegetative stages 
from 0.6 to 1.Oum in size, and the latter 
elementary bodies ranging from 400 to 
800nm in length by 200 to 250nm in 
diameter. In addition to the haemocoel and 
haemolymph reported in other Papers, 
rickettsiae infections were observed in 
pigment cells of A.vulgare. A body color 
of rickettsiae-infected A.vulgare was 
pinkish brown, though characteristic color 
of normal ones is brown or pale gray. This 
fact suggests that the body color of 
rickettsiae-infected animals may be 
changed by the infection to epidermal 
cells or pigment cells. 
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FLUORESCENT PIGMENTS IN BRILLIANT 
WINGS OF TROPICAL MORPHO 
BUTTERFLIES 
ge. Hasegawa 2H. Tabata ,oM. Nakagoshi and 
M.Tsusue. 1 Nissan ARC Co., LTD., 2Research 
Center of Nissan Motor Co., LTD., Yokosuka 
and 3 Biological Lab. School of Liberal Arts 
Univ. of Kitasato , Sagamihara . 


Wing - pigments are increasingly important in 
classification and taxonomic studies of butterflies. 
Pteridines have been considered to be peculiar to 
the family Pieridae. In our previous presentation 
we reported the mechanisms of structural coloration 
and color evalution of Morpho butterfly wings. 
This time we found three pteridines, pterin, iso - 
xanthopterin, and biopterin of L - erythro - form as 
the principle pigment in Morpho butterfly wings, 
based on Thin Layer Chromatography, High Per - 
formance Liquid Chromatography and Circular 
Dichroism. Here, we should emphasize that 
biopterin has never been found in any butterfly 
wings, still more these fluorescent pigments exist 
only in the structurally colored scales and sockets. 


MOTOR UNIT SIZE IN M. JUGULOHYOIDEUS OF 
THE MOUSE. 

M.Aikawa and A.Shimozawa 

Dept. of Anat., Dokkyo Univ. Sch. of Med., 


Tochigi. 


To elucidate the relation between the 
size of the myelinated nerve fiber (MNF) 
and the motor unit size (the number of 
muscle fibers per motor unit), the 
innervation ratio has been measured for 
m. jugulohyoideus innervated mainly by the 
extra large MNFs, and compared with that 
of m. stapedius innervated mainly by the 
large MNFs. Muscle fibers (MFs) of these 
muscles have been directly counted by 
isolating all MFs following 15% nitric 
acid digestion of connective tissue, and 
MNFs have been counted histologically. The 
innervation ratio (MFS/MNFs) has been 
calculated independently on each muscle. 
There were 1052.9 average MFs, 15.7 
average MNFs and the average innervation 
ratio was 67.7 in m. jugulohyoideus (n=12), 
There were 489.6 average MFs, 92.2 average 
MNFs and the average innervation ratio was 
5.4 in m. stapedius (n=12). The results 
suggest that the motor unit size in 
m. jugulohyoideus innervated mainly by the 
extra large MNFs, is greater than that in 
mM. sStapedius innervated mainly by the 
large MNFs. 


College) 


CHARACTERIZATION OF PROGRAMMED CELL DEATH 
OF CULTURED CHICK EMBRYONIC NEURAL RETINA. 
Y.Yokoyamal, Y.Seyamal, Y.Hayashi2, H.Namiki3, 
K.Shirama4 and K.Kanol (1.Dept.of Physiological Chemistry 
& Nutrition, Faculty of Medicine, Univ. of Tokyo, 2, 
Biochemical Res. Institute, Morinaga Milk Ind. 3. Faculty of 
Education, Waseda Univ. 4. Dept. of Anatomy, Tokyo Medical 


Cell death is an important physiological process in most 
multicellular organisms, and they have evolved the molecular 
machinery to implement it. In the developing nervous systems, 
neurons that fail to make correct connection or to locate their 
exact positions with other supporting cells die. Neural retina 
cell death accompanied with chromatin condensation and DNA 
fragmentation was reported. To examine the exact nature of the 
programmed cell death in the cultured chick embryonic neural 
Tetina system, the culture methods and the effects of various 
substances including hormones, growth factors, cell adhesion 
molecules and inhibitors of protein and DNA synthesis were 
determined. DNA fragmentation was observed in the cells 
cultured in the presence of insulin and transferrin. The 
fragmentation was inhibited by cycloheximde and other 
compounds indicating that programmed cell death take place in 
the cultured embryonic neural retina cells. 


GENE ACTIVATION DURING X-RAY INDUCED 
APOPTOSIS IN MOLT-4 CELLS. 
K. Mitsunaga-Nakatsubo, HH. Nakano and K. 
Shinohara. Dept. of Radiation Res., The Tokyo 
Metropolitan Inst. of Med. Sci., Tokyo. 

MOLT-4 cells, a human T-cell leukemia line, is 
induced to apoptosis by X-irradiation. We 
examined the effects of inhibitors for 
macromolecular synthesis on the cell death to 
analyze the regulatory mechanism. 

Cell death was determined by the dye- 
exclusion test, morphological change or DNA 
agarose gel electrophoresis. 

Effects of 5,6-dichlorobenzimidazole riboside 
(DRB), a transcriptional inhibitor, on the cell death 
was examined in place of actinomycin D, since 
the latter one could induce apoptosis in MOLT-4 
cells without X-irradiation. DRB blocked the cell 
death maximally, whenever the duration of the 
treatment included the 2 hr-period just after irradi- 
ation. Cycloheximide (CHX), a translation inhibi- 
tor, was added at various times after irradiation. 
Apoptosis was diminished, when CHX was added 
before 5 hr post irradiation, while the treatment 
starting thereafter failed to prevent the cell death. 

These results suggest that the X-ray induction 
of apoptosis in MOLT-4 cells is due to the 
transcription, which is finished by 3 hr post 
irradiation, and the following translation. 
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Serum-induced apoptotic cell death was rescued 
by thiols 

T.Kurita and H.Namiki 

Dep. of Biol., Sch. of Educ., Waseda Univ., Tokyo 


We previously reported that cell death was induced 
by sera upon many types of cells in vitro. In this meeting, 
we report our recent findings about the serum-induced 
cell-death. We firstly found that the cell death was rescued 
by the components of the basal media. Two kinds of 
amino acids, L—cyst(e)ine and L-tryptophane were the ones 
within the basal media that saved the cell death, not only 
of TIG-1 human fetal lung fibroblasts but of other types of 
cells. As well as L-cyst(e)ine, thiol bearing molecules or 
dithiol-cleaving molecules were demonstrated to have the 
same rescue effect on the cell death. As far as they have 
SH group, molecules that cells even couldn't utilize showed 
the same cell death rescue effect. Further more, various 
inhibitors for protein synthesis or RNA synthesis also saved 
the cell death. 

These data suggesting that the cell death was thiol 
associating apoptosis, we measured thiol-content of TIG-1 
human fibroblasts and found that the thiol content. of TIG-1 
cultured in FBS decreased preceding the cell death. 


DIFFERENCE IN AGING BETWEEN CLONES 8 AND 7 
OF MOUSE C3H10T1/2 CELLS. 

T.Yamaguchil., K.Fujii?, T.Tatsumi*, and 
H.Miyata’, 'Fac. Gen. Educ. and “Fac. 


Sci., Ehime Univ., Matsuyama. 


C3H10T1/2 clone 8 cells at low passage 
number were sensitive to contact inhibi- 
tion: A membrane fraction prepared by cell 
fractionation was effective in simulating 
this density-dependent inhibition of 
growth when added to a sparsely seeded 
proliferating culture of the clone 8 cells 
at low passage number. After many pas- 
sages of subculture, they became refracto- 
ry to the inhibition by addition of the 
membrane fraction, and the cell density at 
confluent state was much higher than that 
at low passage number. The transformation 
frequency after UV expsure increased in 
parallel with this change. On the other 
hand, another clone of C3H10T1/2, clone 7, 
showed a different mode of cell aging: 
Clone 7 celis at a low passage number were 
quite the same as young cells of clone 8 
in the morphology and the response to the 
contact inhibition of growth. Many cells 
in their confluent culture at higher 
Passage number, however, became slender in 
shape and died an apoptosis-like death. 
The cytosol fraction of the same cells 
prepared by homogenization and successive 
centrifugation was effective in inhibiting 
the proliferation of a sparsely seeded 
growing culture of the clone 7 cells at 
high passage number. 


HEPATOCYTE GRWOTH FACTOR IS INVOLVED IN 
EPITHELIAL-MESENCHYMAL INTERACTION IN 
GASTRO-INTESTINAL TRACT IN FETAL RATS. 

H. Fukamachi*+, M. Ichinose“, S. Tsukada2, 
Ss. Ishihama? and K. Miki“. lyool. Inst., 
Fac. of Sci., 2lst Dep. of Int. Med., Fac. 
of Med., Univ. of Tokyo, Tokyo. 


We have established primary culture 
systems for gastro-intestinal epithelial 


cells to examine how their proliferation 
and differentiation are controlled. Here 
we examined effect of hepatocyte growth 
factor (HGF) on the proliferation of 
gastro-intestinal epithelial cells. 

Human recombinant HGF (a generous gift 
from Mitsubishi Kasei Co., Tokyo) promoted 
proliferation of gastro-intestinal 
epithelial cells in primary culture at the 
concentration of 10-30 ng/ml. The cell 
number increased 1.9, 1.4 and 1.2 times 
when 10 ng/ml of HGF were added to the 
cultures of glandular stomach, duodenal 
and forestomach epithelial cells, 
respectively. HGF could substitute for 
cholera toxin or epidermal growth factor 
in inducing epithelial proliferation. 
Northern blot analysis showed that HGFmRNA 
are expressed in gastro-intestinal 
mesenchymes. 

These results indicate that HGF is 
involed in epithelial-mesenchymal 
interaction in gastro-intestinal tract in 
fetal rats. 


EFFECTS OF HYDROXYAPATITE-SOL ON 
CELLS 

H. Kobayashi’, H. Namiki’, M. Ohgaki*, M. Sakatsume’, 
and H. Aoki?. 

Dept. of Biol., Sch. of Educ., Waseda Univ., Tokyo, Inst. 
Med. and Dent. Eng., Tokyo Med. and Dent. Univ., Tokyo. 


Sintered hydroxyapatite (HAp) is known to 
have excellent biocompatibility. The nano and 
submicron HAp particles are expected to be applied 
as drug and enzyme carriers. 

In this study, HAp-sol was synthesized by a 
wet method using an ultrasonic homogenizing 
technique. HAp-sol is a suspension and consists 
of the crystals ( 30-70nm ). Interactions between 
HAp-sol and cells were investigated by adding the 
0.0075-0.75mg/ml HAp-sol into media in which 
various cells were cultured. Cell proliferation rate 
and metabolism were measured by MTT test, 
transmission electron microscope (TEM), etc. The 
TEM images showed L and MC3T3-E1 endocytosed 
the HAp-sol. The respiration rate of L, MC3T3-E1 
and HSC-3 were independent of HAp-sol addition. 
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PURIFICATION AND CHARACTERIZATON OF A NOVEL 
GROWTH FACTOR FROM RAT SERUM. 

Y. Yonezawa’, R. Hirai“, T. Noumura’, H. 
Kondo-. 1pept. Exp. Biol., Tokyo Metropol. 
Inst. Gerontol., Tokyo, 2sect. Tumor Cell 
Biol., Jokyo Metropol. Inst. Med. Sci., 
Tokyo. Dept. Regulation Biol., Saitama 
Univ., Saitama. 


We have previously reported that rat 
serum contains a supposedly novel growth 
factor which is highly mitogenic on 
immortalized fibroblasts like BALB/c 3T3 
cells but inactive on mortal cells. In the 
present report we tried to purify the 
factor from rat serum. After four steps of 
column chromatography (heparin-Sephrose CL- 
6B column, heparin affinity HPLC, ion- 
exchange HPLC and hydrophobic interaction 
HPLC), we obtained the finally purified 
material, which migrated as a single band 
to the position corresponding to 32 kDa on 
a SDS-PAGE gel plate. The material lost 
its activity by heat and acid treatments as 
well as protease and mercaptoethanol 
treatments. It was inactive on primary 
cultured RL cells ( rat fetal lung 
fibroblasts) but stimulated DNA synthesis 
of RL cells which had got immortalized 
after going through crisis. 

From these results it was suggested 
that the purified factor, rat serum growth 
factor (R-SGF), was a novel growth factor 
which was exclusively mitogenic on 
immortalized cells. 


REGULATION OF THE MIGRATION OF HUMAN’ SKIN 
FIBROBLASTS BY GROWTH FACTORS: FETAL-ADULT 
TRANSITION 

H. Kondo and Y. Yonezawa, Dept. Exp.Biol., 
Tokyo Metropol. Inst. Gerontol., Tokyo 


The migration of human fetal skin 
fibroblasts did not decrease when serum 
was removed from medium whereas the migra- 
tion of adult-donor skin fibroblasts de- 
creased. These suggest that the migration 
of adult-donor and fetal fibroblasts is 
regulated by paracrine and autocrine 
factors, respectively. Experiments of 
adding growth factors to serum-free medium 
and using inhibitors of growth factors 
demonstrated that the paracrine factor for 
adult-donor cells is PDGF and the auto- 
crine factor for fetal cells is bFGF. In 
the present report, we studied on at which 
developmental stage fetal-adult transition 
occurs. Cell migration was determined by 
Stenn's method (1980). First, we investi- 
gated using serum-supplemented medium what 
growth factors restore cell migration 
suppressed by suramin, an inhibitor of 
growth factors. The results showed that 
bFGF and PDGF reversed suramin-induced 
suppression of fetal and adult-donor skin 
fibroblasts, respectively. Next, we studi- 
ed on when fetal-adult transition occurs. 
Baby skin fibroblasts migrated autonomous- 
ly in serum-free medium but infant skin 
fibroblasts could not migrate well. 
These results indicate that fetal-adult 
transition occurs between the two ages. 


IMMUNOCYTOCHEMICAL STUDIES ON TASTE BUD 
CELLS CAPABLE OF TAKING UP MONOAMINE 
PRECURSORS IN MOUSE VALLATE PAPILLA. 

M. Kudoh. Dept. of Biol., Fukushima Med. 
College, Fukushima. 


The taste bud cells capable of taking 
up 5-hydroxytryptophan (5-HTP) in mouse 
vallate papilla were investigated by fluo- 
rescence histochemistry, ultracytochemis— 
try and immunocytochemistry with regard to 
the localization of monoamines, serotonin, 
protein gene product 9.5 (PGP 9.5) and 
neuron specific enolase (NSE). Confocal 
laser microscopic observation found the 
existence of serotonin-like immunoreactiv— 
ity in several cells of a taste bud from a 
5-HTP treated mouse. These reactive cells 
were slender and spindle-like in profiles, 
extending apically from the base to the 
taste pore, and such profiles were exactly 
similar to those of the fluorescent cells 
detected by the Falck-Hillarp method. 
Ultracytochemistry of monoamines revealed 
that numerous small vesicles including 
monoamines appeared only in the cytoplasm 
of the type III cells after administration 
of 5-HTP. This suggests that the type III 
cells might correspond to the serotonin- 
immunoreactive cells in which 5-HTP was 
converted into serotonin to be stored in 
small vesicles. The immunoreactivity for 
PGP 9.5 and NSE was also recognized in 
several taste bud cells, presumably the 
type III cells. This may reflect neuronic-— 
Paraneuronic characters of these cells. 


EFFECT OF PLACENTA ON UTERINE INVOLUTION 
OF THE MOUSE. 

K.Shimizu,J.Yamada.Dept.of Anat.Tokyo Med. 
Coll.Tokyo. 

The uterus grows adaptively to fetal 
growth during pregnancy. Removal of both 
fetus and placenta from pregnant uterus 
initiates the uterine involution. Whether 
the placenta affects the uterine involu- 
tion has been obscure. To determine whether 
the placenta affects actually the uterine 
involution, we observed a postoperative 
involution of non pregnant uterine horn 
(NPUH) of unilateral pregnant mice 
after placentae remaining=artificially in 
the contralateral uterine horn and, more- 
over,a postpartum involution of delivered 
uterine horn (DUH) after placentae remain- 
ing surgically in contralateral uterine 
horn. The animals used were female mice of 
the IVCS strain. Their pregnant period was 
19 days. Fetectomy (remaining placenta) 
was performed on day 16 (unilateral preg- 
nancy) and on day 18 (bilateral pregnancy), 
respectively, of pregnancy. The uterine 
horn having no placenta was removed and 
weighed. To observe change of distribution 
of collagen bundles in the,uterus, several 
sections were stained with picrosirius red. 
When the placenta was retained in the 
uterine horn, the NPUH did not involute 
but the DUH involuted. These results indi- 
cated that the placenta inhibits systemica- 
lly the uterine involution during specific 
period or pregnant period. 
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MORPHOLOGICAL STUDIES ON THE ONTOGENY OF THE 
RAT LUNG. (IV) IMAGE ANALYSIS, LIGHT MICROSCOPIC 
AND ULTRASTRUCTURAL INVESTIGATION OF PULMONARY 
DEVELOPMENT IN THE FETAL AND NEONATAL RAT. 

T. Gomit, D. Adriaensen?, J.-P. Timmermans?, D.W. 
Scheuermann?, M.H.A. De Groodt-Lasseel?, A. Kimura?, 
Y. Kikuchi?, K. Kishi? 

1Dept. of Anat. Sch. of Med. Toho Univ., Tokyo; 
2Lab. of cell Biol. and Histol., Univ. of Antwerp, 
Antwerp (Belgium) 


In the present investigation, the ontogenetic 
changes of the pulmonary epithelium of the rat, 
from fetal day 15 to 1 hour after birth (2lst day), 
were observed using light microscopy, image 
analysis and transmission electron microscopy. 
Fetal and neonatal rat lung development had been 
morphologically divided into four stages. In the 
pseudoglandular period (fetal day 15:16), the 
columnar airway epithelial cells are not yet 
associated with capillaries. The area occupied by 
the terminal respiratory airways (TRA) take up 
15.3% (fetal day 15) and 15.7% (fetal day 16) of the 
total terminal respiratory region. In the 
canalicular period {fetal day 17 (24.9%) and fetal 
day 18 (25.5%)}, the capillary network becomes 
apposed to the flattened airway epithelium. On day 
18 the first small osmiophilic lamellar bodies 
(OLBs) appear. In the terminal sac period {fetal 
day 19 (35.8%) and fetal day 20 (38.5%)}, the 
epithelial cells are differentiating into type I, or 
squamous alveolar cells, and into type II cells, 
containing OLBs. In the alveolar period (neonate), 
the TRA take up 53.1% of the total terminal 
respiratory region. Statistically, there was no 
significant difference between the area occupied 
by the TRA on fetal days 15 and 16, on days 17 
and 18, and on days 19 and 20 (p<0.01). These 
periods were seen to coincide with the standard 
morphological division into four periods. 


MORPHOLOGICAL STUDIES ON THE ONTOGENY OF THE 
RAT LUNG. (V) THREE-DIMENSIONAL ANALYSIS OF THE 
PULMONARY AIR-WAY SYSTEM. 

A.Kimura:, T.Gomit, Y.Kikuchi?, K.Kishi', Y.Kitazawa2 
1Dept. of Anat., 2Dept. of Pathol., Sch. of Med. 
Toho Univ., Tokyo 


We analyzed the formation of the fetal and 
meonatal pulmonary air-way system of the rat, 
employing a computed three-dimensional recon- 
struction processor. The nameing of secondary 
bronchi were followed the NAKAKUKI’s method that 
according to the direction of the divergence from 
a primary bronchial tube (lateral:L, medial:M, 
dorsal:D, ventral:V). The 12th day fetus: (R:D1l, L1; 
L:L1). The 13th day fetus: (R:D1, L1-2; L:L1-L2). The 
14th day fetus: (R:D1-4, L1-4, M3, V1, V6; L:D2-5, L1- 
4, M3). The 15th and 16th day fetus: (R:D1-5, L1-5, 
M2-5, Vi, V6; L:D2-5, L1-5, M2-5). After the 17th day 
fetus: (R:D1-5, L1-6, M2-5, V1, V6; L:D2-5, L1-5, M2-4). 
The completion of the divergence is seen by the 
17th day fetus lung. M2 and M3 had a common trunk 
of D3 and D4 from this primary bronchus trunk on 
the 14th and 15th day fetus, is seen. Dl, Vl, and 
V6 are not seen in the left lung at either time. 
Moreover, the trachea bronchi, which diverged 
directly from the trachea, is not seen in the rat. 
In the fetus lung after the 14th day, a secondary 
bronchi of the right lung enters each the 
following lobe. Dl enters the anterior lobe. Ll 
enters the medial lobe. V1 enters the accessory 
lobe. Additionally, others enter the posterior 
lobe. On the other hand, the left lung is one lobe 
on the face. However, Li enters the medial lobe 
equivalent part. Other bronchial tubes enter the 
posterior lobe equivalent part. The anterior lobe 
and the accessory lobe are not seen. 


ABILITIES OF PARAMECIUM CELLS TO 
FORM FOOD VACUOLES AND TO DISTIN- 
GUISH BETWEEN OLD AND NEW FOODS. 
C. Maruyama, R. Takahashi, Y. Tokusumi and 
Y. Takagi, Dept. of Biol., Nara Women's Univ., 
Nara 630 


When Paramecium tetraurelia (Pa) and P. multi- 
micronucleatum (Pm) cells are cultured together 
in some conditions, Pa survives and Pm becomes 
extinct. Pm can survive when stigmasterol 1s added 
to the culture. We found that the fate of survival 
or extinction for Pm was correlated to the ability 
or disability to form food vacuoles. 

We also found that Paramecium cells had the 
ability to distinguish between old and new foods: 
they formed red food vacuoles in a red ink solution 
but, if black ink was added to the red ink solution, 
the newly formed food vacuoles were colored black, 
not red-black; if the sequence of the ink addition 
was reversed, the newly formed food vacuoles were 
colored red, again not red-black. This distinguishing 
ability disappeared one hour after the addition of 
the second color. 


GROWTH COMPETITION BETWEEN 
PARAMECIUM TETRAURELIA AND 

P. MULTIMICRONUCLEATUM (Il) 

R. Takahashi, C. Maruyama, Y. Tokusumi and 
Y. Takagi. Dept. of Biol., Nara Women’s Univ., 
Nara 630 


It has been reported that when P. tetraurelia (Pa) 


and P. multimicronucleatum (Pm) were cultured 
together in the same culture medium, Pm became 
extinct. But, they coexisted if supplemented with 
stigmasterol. Here we report that 1) the survival of 
Pm depends on concentrations of stigmasterol, 2) Pa 
and Pm can live together by the use of Wheat-Grass- 
Powder (WGP) of a different lot number, 3) the fate 
of Pm varies through the use of serially diluted WGP 
and 4) the possibility of "habitat segregation” can be 
ruled out by continuing shaking of the mixed culture. 
These results suggest that Pm may be defeated in 
competition for some key substance in a nutritionally 
poor medium, while they can coexist through sharing 
the substance in a nutritionally rich medium. 
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ELIMINATION OF SYMBIOTIC ALGAE FROM 
GREEN PARAMECIA, PARAMECIUM 
BURSARIA, BY PARAQUAT 

S. Matsuda, T. Takahashi, T. Kosaka and H. Hosoya. 
Department of Biological Science, Faculty of 
Science, Hiroshima University, Higashi-hiroshima, 
Hiroshima, JAPAN. 724 


The green paramecium, Paramecium bursaria, 
has many symbiotic algae (SA), zoochlorellae, in the 
cytoplasm. To make clear the mechanism of 
symbiosis, it is important to eliminate the SA from 
green paramecia. Last year, we suggested that the 
herbicide (Parazet) could eliminate the SA from 
green paramecia. Here we show that paraquat (PQ), 
which was a main component of Parazet, was 
effective to eliminate SA. Since the SA are more 
sensitive to PQ than their hosts, certain dosages will 
kill the SA but not the paramecia. When symbiotic 
P. bursaria were incubated with PQ of 10ng/ml, all 
SA were destroyed, producing permanently viable 
aposymbiotic strains of the paramecia. Symbiotic P. 
bursaria in stationary phase of growth was more 
sensitive than that in logarithmic phase. 


MORPHOLOGY AND EMBRYOLOGY OF THE VERMIFORM 
EMBRYO OF DICYEMIDS (MESOZOA) . 

H. Furuyal, K. Tsuneki! and Y. Koshida2 
1pept. of Biol., Coll. of Gen. Educ., 
Osaka Univ., Toyonaka. 2Natl. Center of 
Univ. Entr. Exam., Tokyo. 


The development of vermiform embryos was 
studied microscopically on the fixed and 
stained specimens in Dicyema acuticephalum 
and D. japonicum. In both species, the 
pattern of cell lineage was almost the same 
except for the cell lineage of the calotte. 
An agamete divides equally and its daughter 
cells remain in contact with each other. 
One of these cells becomes the mother cell 
of the head of the embryo. The other cell 
divides again equally to produce the pros- 
pective axial cell and the mother cell 
that later divides to form the trunk and 
tail of the embryo. The division proceeds 
spirally in the early stage and becomes 
bilateral from the five cell stage onward. 
Extremely unequal cell divisions frequently 
occur and the resultant smaller cells de- 
generate and disappear. At the final stage 
of embryogenesis, the prospective axial 
cell divides to form two daughter cells. 
One is the axial cell itself and the other 
is incorporated in the axial cell to form 
an agamete. D. acuticephalum has 16-18 
peripheral cells, while D. japonicum has 22 
ones. The difference of peripheral cell 
number is due to the number of times of 
divisions of the mother cell. 


Mathematical Analysis on the Colony Pattern 
Formation of Membranipora serrilamella 

H. Nakajima*, M. Okubo*, K. Miyake*, S. Mawatarit. 
*Dept. of Physics, Ritsumeikan Univ., Kyoto, Japan, Dept. 
of Zoology, Hokkaido Univ., Sapporo, Japan. 


Mathematical analysis was made on the colony pattern 
formation processes of Membranipora serrilamella from the 
viewpoint of the maximum foraging efficiency of a bryozoan. 

Membranipora serrilamella build up their colony on the 
surface of sea tangles starting from two individual called twin. 
Each individual called zooid buds her one or two daughters, 
and the colony covers the surface of the sea tangle leaving no 
space among zooid. When they forage plankton, all zooid of a 
colony collaborate in making water flow by the motion of cilia 
on tentacles. The uniform distribution of the palates in the 
colony maximize the efficiency of foraging. But, the actual 
distribution of the palates is not uniform, because of the several 
constraints in the process of making their colony (e.g. 
limitation in the number of budded daughters, lower bound in 
the length of zooecium, etc.). They have more loose 
regularities in the distribution of palates in colonies. 

Measurements of colonies were carried on focusing on the 
timing of two daughters budding and the regulation of 
zooecium length in budding two daughters. From these 
measurements, mathematical model were built, and computer 
simulation gives the insight of the simple rule in colony pattern 
formation. 


ULTRASTRUCTURAL STUDY ON THE SPERMATOGENE- 
SIS OF THE FRESHWATER EARTHWORM, BANCHI- 
URA SOWERBYI I. THE MOVEMENT OF ORGANE- 
LLES IN THE CENTRAL MASS OF THE CYTOPHORE. 
M. Shirasawa and N. Makino. Dept of Biol. 
Tokyo Med. Coll., Tokyo. 


The fine strucural changes of ‘cytohore’, 
especially, the movement of organelles in 
the ‘central mass’ are investigated by light 
and electron microscopy in the freshwater 
earthworm, Branchiura sowerbyt. Spermato- 
gonia, released from the testes, make moru- 
la-like clusters, called ‘cytophore’. Male 
cells are connected together by nucleus- 
less protoplasmic mass named ‘central mass’, 
which seems to serve as a ‘nutritive cell’. 
The principal organelles in the structure, 
mitochondria, RER, SER, and free-ribosomes, 
are most remarkable and active at the stage 
of spermatid. The mitochondria, originate 
in spermatogonia, propagate rapidly during 
the stage of spermatocyte and some of them 
appear to be supplied to spermatids in sper- 
miogenesis. Also at this stage, small dense 
bodies appear in the cloud of mitochondria 
and fuse into a huge globular dense body, 
which seems to participate in nutritive 
function of the central mass. Alignment of 
maturation is kept by the cytophore and the 
rate of maturation ought to be controlled, 
directly or indirectly, by the central mass. 
On this point, another function of these 
structures should be concerned with inter- 
nal secretion. 
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PERIPHERAL NERVOUS SYSTEM OF THE 
BENTHIC ARROW WORM, PARASPADELLA 
GOTOI (CHAETOGNATHA). 

T. Goto. Dept. Biol., Fac. Educ., Mie University, 
Mie. 

Chaetognaths have a relatively complex nervous 
system which is largely epidermal. The ventral 
ganglion is a motor center for swimming move- 
ment in chaetognaths. The ganglion is connected 
with the cerebral ganglion and sends radial nerves 
and caudal nerves peripherally. In the present 
study, I have examined the peripheral nervous sys- 
tem of a benthic arrow worm Paraspadella gotoi 
by silver impregnation, acetylchorine esterase 
(AChE) activity, and an immunocytochemical 
method using anti-SALMFamide antiserum. Silver 
impregnation revealed many fibers in the radial 
nerves, including fibers connected with ciliary 
fence receptors which are mechanosensitive to jet 
of water. The ciliary fence receptors are secondary 
sensory cells, and it is suspected that these fibers 
include afferent ones from the cells. The radial 
nerves also contained many fibers with AChE ac- 
tivity, suggesting that these fibers are motor to 
trunk musculature. Some of the SALMFamide-like 
immunoreactive fibers make arborization forming 
nerve-net in the anterior and posterior regions of 
the ventral ganglion, although functions of the 
nerve-net are unknown as yet. 


THE FINE STRUCTURE OF THE SYMBIOTIC PROTOZOA 
AND ITS ASSOCIATED MWICROORGANISHS FROM 
THE HINDGUT OF THE LOWER TERMITE, WEO7ERMES 
XOSHOUWENSTS (SHIRAKT). 

K. Andoh, R. Murakami, and I. Yamaoka. 

Biol. Inst., Fac. of Sci-., Yamaguchi 

Univ., Yamaguchi. 


There are 6 genera and 12 species of 
symbiotic protozoa in the lower termite, 
Neotermes koshunensis (Shiraki). 

In many species of these, the various 
spirochaetes and fusiform bacteria 
attached to the surface of protozoa. 
The attached region, in both sides of 
the microorganisms and the protozoa, has 
some specialized structures: a canal—like 
invagination in the side of protozoa, 
a stopper—like structure of outer envelope 
in the side of spirochaetes. 

Oxymonas sp.l1 that is one of the large 
protozoa has a specialized structure 
(extension) referred to as the “rostrum”. 
The rostrum is composed of numerous 
microtubules or microtubule—like 


filaments. This protozoa attached to the 
cuticular lining of the hindgut wall of 
the termite by the rostrum. 


THE ALIMENTARY CANAL IN HIGHER TERMITES: 
FINE STRUCTURE OF THE PAUNCH. 

G. Tokuda, R. Murakami, and I. Yamaoka 
Biol.Inst., Fac.of Sci., Yamaguchi Univ., 
Yamaguchi . 


In the worker caste of termite, the 
third proctodeal segment is well developed 
and enlarged, what is called “paunch”. It 
has been suggested that the epithelial 
cells in the lower termite have an 
absorptive feature to the metabolites 
provided by the intestinal protozoa. 

In this report, the paunch epithelia in 
three species of higher termites which 
have no symbiotic protozoa in the gut were 
examined by the electron microscope. 

In the cell apex of the epithelial 
cells, well developed invaginations of 
the plasmalemma were observed in the 


xy Llophagous termite, Nasutitermes 
takasagoensts and the soil—feeding 
termite, Perticapritermes nitobet. It 


suggests that the absorptive activity of 
the nutrition is high in their species of 
termites. But any specialization was not 
observed in the fungus-growing termite, 
Odontotermes formosanus. 


METHANE PRODUCTION OF TERMITES IN JAPAN 

'N.Shinzato, *K. Yara, 'R.Murakami, and 'I. Yamaoka. 
"Biol. Inst., Fac.of Sci., Yamaguchi Univ., Yamaguch. 
*Div.of Gen. Educ., Univ.of the Ryukyus, Okinawa. 


One of the metabolites of the intestinal protozoa 
for cellulose digestion, H2 are reduced into CH, by 
the endosymbiotic methanogens, which are emitted to 
the outside. In this report, methane production 
rates of some species of termites inhabiting in 
Japan were examined by gas chromatography and dis- 
tribution of the methanogens in thier hindgut was 
examined by fluorescence microscope and transmission 
electoron microscope. 

Methane production rates found in the termites used 
in this study depended on the species. But the 
large variation of the rates was seen in the lower 
termite Neotermes koshunensis (Shiraki), which is 
the species of the one-piece type. In some colonies 
of W.koshunensis, no methane and no methanogens was 
detected in all members. 

Epifluorescence microscopy showed the presence of 
autofluorescent rod-shaped methanogenic bacteria. 
The methanogens adhered to the surface of the hind- 
gut epithelium and lived in some species of the sym- 
biotic flagellates in the lower termites. In higher 
termites, which devoid of symbiotic flagerates with- 
in the alimentary tract, a long filamentous methano- 
gens were observed adhering to the surface of the 
hindgut: epithelium. Transmission electron microscopy 
showed that the methanogens were Methanospirillum 
and Methanothrix morphotypes. 
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SYMBIOTIC CELLULOSE DIGESTION SYSTEM IN 
THE TERMITE: DISTRIBUTION OF METHANOGENIC 
BACTERIA. I.Yamaoka, T.Murakami and R. 
Murakami. Biol. Inst., Fac. of Sci., 
Yamaguchi Univ., Yamaguchi. 


The cellulose digestive system in the 
termite is composed of symbiotic relation 
between host and the symbionts. Especial- 
ly bacteria play an important role. 
The role of methanogenic bacteria has 
became more remarkable. One of the 
metabolites of the intestinal protozoa H2 
gasses are reduced into CH, gasses by 
the methanogenic bacteria. Two types of 
their bacteria were identified in the 
lower termite (Reticulitermes speratus). 
One of them adheres to the surface of the 
hindgut epithelium. Another lives symbi- 
otically in some species of the intestinal 
flagellates. In the higher termite (Nas- 
titermes takasagoensis, Pericapritermes 
nitobei) only the latter type of them are 
detected, but the morphological charac- 
teristics differ from the lower termite's 
one. 

The distribution and morphological 
appearances were examined by the fluores- 
cence microscope. 


THE BOTRYOIDAL TISSUE IN LAND LEECHES, 
HAEMADIPSA ZEYLANICA VAR.JAPANICA 
H.Inamura 
Dept. of Biol.,Tokyo Med.Coll.,Tokyo 
The botryoidal tissue of mature stage 
leeches were studied using a electron micr- 
oscope morphologically and histrogically 
at temperature under 25°C. After one month 
,hungry leeches had a weight loss of 20 t0 
30 percent,and then they maintained their 
weight. Hungry leeches were fed blood from 
frogs three to five times their weight,and 
sometimes 8 times weight.Leeches fed blood 
from frogs more than 5 times their weight 
heve been kept in a moist place. At colle- 
ction times,botryoidal cells were glandul- 
ar cells that consisted of three types of 
granules;(1)oil droplets:L1,(2)including 
lots of particles:L2,(3)lysosome-like:L3., 
glycogen particles,mitochondria,ribosome, 
ER,Golgi apparatus. After one month depri- 
ved of food,it was observed that there 
were lots of L3-granules surrounding a 
nucleus in the apical cytoplasm,and lots 
of L2-granules in the lumenal cytoplasm. 
Three days after feeding,these cells 
included lots of rough surfaced endoplamic 
reticulum in mid density,and Ll-granules. 
We observed Golgi apparatus formed secret- 
ory vesicles in high density. The secreto- 
ry vesicles were 300 nm maximum in diamet- 
er and continued to develop succesfully. 
It is concluded that the metabolism affec- 
ts the development of endoplasmic reticulum 
and Golgi apparatus. 
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LIFE CYCLE OF PARAMECIUM BURSARIA SYNGEN 1 
IN NATORE II. 

T. Kosaka. Dept. of Biol. Sci., Fac. of 
Sci., Hiroshima Univ., Higashi-Hiroshima. 


Studies were made on the natural popula- 
tion density of Paramecium bursaria syngen 
1, on the life cycle stages to which the 
individuals belonged. Green paramecia were 
collected from a natural pond once every 20 
days for two years: 3176 on 37 collection 
dates. Individuals in nature did not main- 
tain a steady density, but a regular annual 
change in the population density was not 
found. Mating tests were conducted on 2955 
of 3176 individuals; the other 221 could not 
be tested because of their low fission rate 
(under 0.1), or death before mating tests. 
Of the total, 23(1%) were adolescent, 21(1%) 
were mature, while the others showed no mat- 
ing reaction. Most of the latter individuals 
divided at a fission rate of less than 0.5. 
These results indicate that the natural 
population in this pond consisted primarily 
of senile individuals. 


STATISTICAL ANALYSIS OF INDIVIDUAL 
RECOGNITION BEHAVIOR OF THE HELIOZOAN. 

M. Sakaguchi, T. Suzaki, Y. Shigenaka. Lab. 
Cell Physiology, Faculty of Integrated Arts 
and Sciences, Hiroshima University, Higashi- 
Hiroshima. 


The Heliozoan cells show various kinds 
of biological and physiological activities 
such as cell locomotion, food capture and 
ingestion, and cytokinesis by change of the 
length of axopodia. They carry out 
multiplication with repetition of these cell 
functions. They also move with keeping 
regular intervals against neighboring cells, 
finally showing a regular distribution. 

In this study, we made an analysis of 
cell-to-cell interaction of the heliozoan 
Actinophrys sol, and estimated mechanism of 
mutual recognition among cells. In result, 
we obtained (1) spatial point pattern of 
Actinophrys sol can be regarded as a regular 
distribution, (2) nearest-neighbor distance 
between adjacent cells is primarily defined 
by the length of axopodia, and (3) at low cell 
densities, Actinophrys sol can recognize the 
presence of distant neighboring cells by some 
unknown means. 


ENVIRONMENTAL INFLUENCE ON MEDUSAS' SIZE 
OF AURELIA AURITA AND AGE INDICATOR 
Y.Kakinuma, K.Takeda and H.Miyake 

Dept. of Biol., Fac. of Sci., Kagoshima 
Univ., Kagoshima 


According to investigation of annual 
variation of A. aurita living in 
Kagoshima bay, there's no mutual relation 
between diameters of umbrella and 
branching number of water vascular system. 
On the contrary, in the feeding 
experiments in the constant conditions 
there found the interrelation between the 
growth process and the diameters of 
umbrella : increasing the numerical values 
of the diameters and branching number has 
been observed. It is also found that the 
differences of feeding temperatures, 
amounts of food, and population densities 
produce variation of umbrella's diameters 
but no changes in the branching numbers of 
water vasculars. From this fact, it can 
be said that the diameters are controlled 
by habitats. It is also suggest that the 
number of branches can be an indicator of 
chronological age of A. aurita. 


POPULATION DYNAMICS OF COLONIAL POLY- 
CHAETA, SALMACINA DYSTERI (HUXLEY) 
Eijiroh Nishi, Amakusa Marine Biological Laboratory, 


Kyushu University, Amakusa, Kumamoto 


Population dynamics of the colonial serpulid polychaete 
Salmacina dysteri (Huxley) were studied in two habitats at 
Hamasaki Port and the offshore of Sesoko Island, Okinawa, 
Southwestern Japan, from 1988 to 1992. Observations were 
carried out at regular intervals by SCUBA diving on many 
settled colonies on the sites which were set on breakwater 
walls in both habitats. 

Recruitment rates of larvae on the substrata both in Hamasaki 
Port and Sesoko Island were not so high that they were 0.004- 
0.05 worms / 1m x 1m/ month. Thus only 40 to 45 worms 
per year were found as recruiters which usually formed 
conspecific aggregations. Growth of each individual colony 
was fairy rapid forming a colony of about 2cm in diameter in 
a month. The colony, in the fastest case, grew into about Scm 
in diameter in a half year after recruitment. Reproduction and 
recruitment occurred through the year round in both habitats 
but lacked the peak season. Mortality rate of colony in the 
fields was about 40% per month in all colony sizes. The 
colonies of about 10-15cm in diameter showed the highest 
mortality, namely of over 60% per month. The mortality rate 
of worms was 10-40% in medium size colony. 

Observations done for these five years in the two habitats 
showed that the largest colony ever observed was 30 cm in 
diameter and the colonies larger than 20 cm were also rare 
through the years. These facts may show that the life span of 
the present species is one year or, at the longest, one and half 
years. 
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GROWTH OF BARNACLES SETTLED ON INTERTIDAL CONCRETE 
SURFACE AFTER GAPPING 

K. Komemoto. Depertment of Biology, Naruto University of Education, 
Naruto, Tokushima, 772. 


Intertidal barnacles are good animals for experimental studies of 
population growth and spatial distribution under natural conditions, 
because of their sessile life. The main purpose of this study was to 
determine the cause of spatial distribution of three intertidal 
barnacles, Balanus albicostatus P., B. amphitrite D., and Chthamalus 
challengeri H. The area for present study was located in Sukunoumi 
cove at Takashima, near Ohnaruto Strait. Station AK—1 and AJ-1, 
where gaps had been made in the existing barnacle population on 
shore protection, were sheltered sites and their width and length 
were 30cm and 130cm, respectively. To measure the survival and 
size of barnacles, the positions of all individuals that settled on the 
gap were mapped from photographs. These were taken during a low 
water period of the spring tide from May, 1992 to August, 1993. The 
positions and size of barnacles were measured by analyzing 
photographs. In the photographs taken on July 29, 1992, the first 
settlement of three barnacles on the gap was observed. The last 
settlment of B. albicostatus, B. amphitrite, and C. challengeri in 1992 
season was observed on Oct. 21, Dec. 21, and Oct. 21, respectively. 
In this season, the number of B. albicostatus, B. amphitrite, and C. 
challengeri settling on AK—1 were 126, 124, and 34, respectively. The 
peak settIment rate of B. albicostatus was 2.75 individuals/day from 
June 29 to July 29, and that of B. amphitrite was 3.35 individuals/day 
from Aug. 12 to 27. The growth of three barnacles followed the same 
pattern; those, which settled earlier reached a larger size by 
November. They stopped growing in November and restarted in 
April, 1993. 


SYMBIOTIC LIFE OF PORCELAIN CRAB, 
NEOPETROLISTHES MACULATUS AND SEA ANEMONE, 
STICHODACTYLA GIGANTEA 

T.Shima and Y.Kakinuma 

Dept. of Biol.,Fac. of Sci.,Kagoshima 
Univ.,Kagoshima 


Among observations of symbiont's lives, 
porcelain crabs' feeding activity was most 
remarkable: the sea anemone, porcelain 
crabs' hosts, act in accord with the 
changes of tidal level. Objects of 
feeding activity are divided into four 
types; (1)plankton and organic suspension, 
(2)a deposit of substratum around the 
host, (3)host's excrement, and (4)host's 
mucus. When porcelain crabs are removed 
from the hosts, their feeding activity 
becomes strikingly weakening. If they are 
put back to the hosts, their original 
activities are restored. This indicates 
porcelain crabs', Neopetrolisthes 
maculatus, strong dependence on the host, 
Stichodactyla gigantea. 


TWO TYPES OF RESPONSE TO THE LIGHT PULSE 
IN THE SWIMMING ACTIVITY RHYTHM OF THE 
CUMACEAN DIMORPHOSTYLIS ASIATICA 
(CRUSTACEA) . 

T. Akiyama. Ushimado Marine Laboratory, 
Okayama University, Okayama. 


Marine crustacean Dimorphostylis 
asiatica shows swimming activity rhythm 
synchronized with day-night and tidal 
cycles in the field. The free-running ac-— 
tivity rhythm in DD, which consisted of 
bimodal and unimodal activity pattern, in- 
dicates only tidal synchronization. As a 
first step to investigate whether en- 
dogenous activity rhythm of the animal is 
phased with light, I reported that 4h light 
pulse does not shift the phase of bimodal 
activity rhythm. 

In this study, 4h light pulses were im- 
posed on the animals which exhibited 
unimodal activity rhythm. Phase advance 
occurred in the animals exposed to the 
light pulses during subjective day and 
phase delay occurred in the animals exposed 
to the light pulses during subjective 
night. Magnitude of the advance and delay 
was as large as 12h. Thus unimodal rhythm 
of D. asiatica was phased with the light 
pulse. 

The two different types of light 
response between the bimodal and unimodal 
activity rhythms suggest that these rhythms 
have different physiological roles in the 
animals. 


"THE NEMATOCYST PRINTING BEHAVIOR" DURING 
THE SETTLEMENT OF ACTINULA LARVAE OF 
Tubularia mesembryanthemum (HYDROZOA ) 

K. Yamashita, S. Kawaii, M. Nakai and N. Fusetani 
FUSETANI Biofouling Project ,ERATO, JRDC.Yokohama 


The actinula larvae of Tubularia mesembryanthemum 
marine colonial hydroid , settle on the substratum 
after liberation from the female gonophores. The mech- 
anism of the larval settlement and metamorphosis 
however has not been investigated. Our detailed ob- 
servation on behaviors of actinula larvae led to dis- 
covery of "nematocyst printing behavior ". Actinula 
larvae discharged numbers of the atrichous isorhiza 
nematocyst from the tips of the aboral tentacles and 
printed the nematocysts on the substratum , moving 
their aboral tentacles sinuously. This was confirmed 
histologically and by SEM experiments. 
Synchronously , the larvae secreted the adhesive 
mucus ( probably cement substance ) from exocrine 
gland at the aboral pole of the body to attach them- 
selves to the substratum. The exocrine gland was 
composed of long columnar cells filled with secretory 
granules strongly stained with eosin. Then, the larvae 
began metamorphosis. 

We will discuss significance of this ™“nematocyst 
printing behavior " in settlement of actinula larvae. 
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NEMATOCYSTS DEVELOPMENT DURING PLANULA 
STAGE OF CERTAIN SCLERACTINIAN CORALS 
T.Kimura, T.Hayashibara and K.Shimoike. 

Akajima Mar.Sci.Lab., Okinawa. 


Tt is strongly suggested that the nematocysts formed 
in larval stage are playing an important role in settlement 
in some coelenterata for example Hydrozoa. For a part of 
our study on the mechanisms of larval settlement and 
metamorphosis of scleractinian corals, we measured the 
number of nematocysts in various developmental stage of 
planula of certain gamete—releasing coral species. We 
used the maceration technique to dissociate whole tissue 
into single cells by acetic acid and glycerm solution for 
counting all nematocysts. In Acropora  nasuta, 
nematocysts were first observed in a three days old larva. 
The number of nematocysts increased significantly from 
the five to seven days after spawning, and after that it 
seemed to become stable. In some Acropora species, the 
settlement behavior was observed in the laboratory from 
four days after spawning and mostly occurred from seven 
to ten days after spawning. It is suggested that the 
settlement ability of larvae is related to the nematocysts 
development, however, the further study is needed on the 
function and reacting factors of mnematocysts of 
gamete—releasing coral larvae. 


PREDOMINANCE OF THE COLONIZING SPECIES 
OF DROSOPHILA IN EHIME PREFECTURE 


M. Watada!, K. Morinaga2 and 0. Ochi. 


lpac. Gen. Educ. and 2Fac. Sci. , Ehime 
University, Matsuyama 


Colonization of Drosophila simulans 
and D.albomicans had occured in Japan 
20 and 8-9 years ago, respectively. 
Invasion of these two species was reported 
in Ehime. We collected domestic and semi- 
domestic Drosophila in October at 21 
localities of Ehime in order to study the 
expansion of the two species. D.simulans 
and D.albomicans were collected at all the 
localities, and they were predominant in 
most of the localities studied. Seasonal 
collections were made at the two 
localities of Matsuyama, and it was clear 
that the following species were dominat in 
each season : D.albomicans in summer, 
D.simulans in fall and D.immigrans in 
winter and spring. Competition experiments 
were made between D.albomicans and 


D.immigrans which belonged to the same 
species group. D.albomicans_ became 
predominant at 25 C, but not at 20 and 
15 C. These results suggest that rapid 
expansion of D.albomicans was caused by 
the resistance for high temperature. 
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WHAT IS A FRACTAL BEHAVIOR ? -ITS BIOLOG- 
ICAL MEANING-— 

Dee SHIMADA EB TolmeinsSitmn hac. OteiSci., 
Tohoku Univ., Sendai 


With the aid of our new automatic analy- 
sis system for the feeding behavior of 
Drosophila, a temporal fractal was clear- 
ly shown in an inverse power law distri- 
bution of the dwelling time on food. 
Specifically the property is observed 
immediately after being put into a new 
micro test plate (feeding place) or in 
the staying behavior on inferior food in 
the two-choice situation. Fractal behav- 
iors may be understood as adaptive and 
intrinsic ones that reflect complex and 
high information processing in CNS of 
Drosophila. 


DIURNAL AND SEASONAL CHANGES OF BEHAVIOR 
PATTERNS IN A POPULATION OF THE CHINESE 
MUDSKIPPER AT KASAOKA, OKAYAMA PREF. 
Y.Ikebe!,T.Oishil,T.Ohkawa? and M.Saigusa3: 
lpept .of Biology, Nara Women's Univ., Nara; 
2Pac.,of Agriculture, Okayama Univ., 
Okayama; 3Coll. of Liberal Arts & Sci., 
Okayama Univ, Okayama, 

The Chinese mudskipper is amphibious fish 
and inhabits tideland. In summer, this 
fish feed and court on the mud flat at ebb 
tide whereas they move to the high water 
line at flood tide. 

We investigated diurnal and seasonal 
changes of behavior pattern throughout 24 
hours at spring and neap tides. The 
quadrat was founded on the mud flat where 
the population density of mudskippers was 
high, and the number of fish on the mud 
flat was counted every 1 hour at ebb tide. 
And when the tide was on the flow and the 
quadrat was submerged under water, the 
number of migrating fish to the high water 
line was counted. 

In non-breeding season, many mudskippers 
appeared on mud flat at ebb tide, but there 
were not many migrating fish at flood tide. 
However, in breeding season when the number 
of migrating animals increased at flood 
tide, the courtship behavior began to be 
observed. The courtship behavior seemed 
to be influenced by weather rather than 
semi-lunar rhythm. 
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INDIVIDUAL RECOGNITION IN FISH;AQUARIUM STUDIES 
ON MOORISH IDOL(ZANCLUS CORNUTUS). 

K.Okawa , College of Lib. Arts , Hirosaki Univ. 
Hirosaki. 

The social interaction is based on the abili- 
ty of individual recognition and most reports of 
individual recognition in fish have been con- 
cerned with recognition in territorial or hier- 
archical situations ( Brown and Colgan, 1986). 
Observations on moorish idol ( Z.cornutus) of 2 
different age groups in non-territorial situa- 
tion (non-anonymous collective territory) were 
done in 32-ton aquarium. In the situation some 
behaviour patterns( appeasement, submission, and 
standing posture) were observed very often. And 
con-specific non-familiar individual of middle 
size was newly introduced in between 2 different 
age groups of Z.cornutus. In the situation, 
those behaviour patterns became disappeared and 
some kinds of attackings ( chasing, thrusting, 
circling, and biting) were observed of great in- 
tensity. The aggresive encounters between indi- 
viduals in the aquarium are reported and the 
ability of individual recognition in Z.cornutus 
is tentatively explained. 


COMPARISON OF MATING BEHAVIOR IN GENUS 
ORYZIAS. 

Y. Araki and K. Takata. Dept. of Biol., 
Fac. of Sci., Shinshu Univ., Matsumoto. 


The genus Oryzias are freshwater fishes 
endemic to Asia. The 12 species were 
divided karyotypically into three groups; 
the monoarmed, the biarmed and the fused 
chromosome types (Uwa, 1992). Successful 
mating in several combinations of these 
species were observed in aquaria. Repro- 
ductive isolation, however, between cohab-— 
ited two species of Oryzias in Thailand 
was confirmed by allozyme analysis. The 
mating behavior in the genus Oryzias were 
compared in order to clarify a mechanism 
of reproductive isolation among them. 
Mating behavior of 6 species, O. melastig- 
ma and O. minutillus of the monoarmed 
group, O. latipes and 0. mekongensis of 
the biarmed group, and 0. celebensis and 
O. marmoratus of the fused chromosome 
group, were analyzed using a video record- 
er. Nine behavioral elements were detect- 
ed. There was no difference in a sequence 
of behavior elements towards successful 
mating among these species, though fre- 
quencies of elements were different. Two 
species belong to the biarmed group showed 
a distinct courtship behavior of the male, 
so called circle dance, which was not 
observed in the behavior of other species 
belong to other chromosome groups. These 
suggest that behavioral difference work as 
a major mechanism for reproductive isola- 
tion between cohabited species. 


REPRODUCTIVE BEHAVIOR AND MATE CHOICE IN 
DASCYLLUS ARUANUS. 

N.Mizushima and T.Hidaka. Dept.of Zool., Fac.of Sci., Kyoto 
Univ., Kyoto. 


The humbug damsel Dascyllus aruanus is common on the 
coral reefs of Okinawa. We observed reproductive activities of 
this fish; spawning usually proceeds as follows. 1) Males attract 
females with signal jumps. 2) Females visit male's nest to spawn 
around sunrise; it takes about one hour to complete spawning. 3) 
Males take care of eggs by mouthing (cleaning) and fanning until 
hatching which occurs around sunset two days after spawning. 
D. aruanus spawn in semilunar cycle, within a few days around 
new and full moon. 

We observed mating interactions in each spawning term na 
polygamous group. Pair spawning is common, but sometimes 
two or more fernales lay eggs simultaneously or successively ata 
same nest. A female may spawn at two or more males’ nests in a 
day and change her mate between two terms. Females do not 
always spawn with the nearby males, but go to the trouble of 
spawning with distant ones. 

We analysed correlation among reproductive success, 
standard length and frequency of signal jump (SJ). Larger males 
displayed more SJ, and got more reproductive success in the 
early breeding season. In the later period, females mated 
irrelevantly to the frequency of SJ. But the reproductive success 
of larger males was constantly high throughout the breeding 
season. These suggest that females adopt SJ as reliable guide to 
choose males full of vitality in the early season, and after a few 
spawning cycles, females memorize such males and mate with 
them repeatedly. Consequently, only the large males that have 
ability to display more SJ will constantly get higher reproductive 
success throughout the season. 


ECOLOGY OF MONOPTERUS ALBUS (PISCES:SYMBRANCHIDAE) 

IN NARA BASIN 

S.Matsumoto ! ,N.Nagai ? and N.Imatani ° . 

! Unebi Jr.High Sch. ,Nara, ? Hikami Sch. for Handicapped 
Children,Hyogo, ? Muroo Village, Nara. 


Monopterus albus,a freshwater fish belonging to Symb- 
ranchidae,is distributed widely in tropical and subtro — 
pical Asia. It was introduced to middle Japan in several 
times.Few ecological studies,however, have been done on 
this species not only in Japan but also in other count — 
ries. 

We have investigated on ecology of the fish continuo — 
usly since 1988 at Sakurai,Nara Basin, the population in 
which was originated from an introducing from Korea to 
an upper part of this drainage in 1907,and following 
results were obtained , Its main habitats are rice- 
fields and small canals around them,where the fish can 
make nest holes easily.Feeding is observed only in the 
nighttime and food items are frogs, fishes, crayfishes, 
insects worms,etc.It is inactive in winter season, below 
about 13 °C in water temperature, and hibernates in under- 
ground hole individually or in group. 
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Cannibalism in larvae of Hynobius 
retardatus and their trophic morphs. 

M. Wakahara 

Div. Biol. Sci., Grad. Sch. Sci., Hokkaido 
Univ., Sapporo 


When larvae of Hynobius retardatus 
from different sibships were reared 
together in an aquarium, a cannibalism was 
frequently induced. Cannibalistic larvae 
grew rapidly and developed extraordinarily 
large head distinctive from non-cannibals 
with typical form. Possible relationship 
among the cannibalism, their trophic 
morphs and the kinship of larvae were 
investigated. From 5 to 40 larvae 
developed from the same egg clutches 
(siblings) or different clutches (non- 
siblings) were reared in small containers 
(22x15x12cm) with 2-liters of water, 
feeding with different levels of diets. 
Number of preys eaten by cannibals were 
counted every days. During and at the end 
of experiments, width of head at the level 
of the eyes (WH) and snout-vent length 
(SVL) were measured. Although the ratio 
of WH to SVL (WH/SVL) was constant in non- 
cannibals irrespective of the SVL, the 
WH/SVL in cannibals largely deviated from 
the typical ones. The frequency of 
cannibalism depended on the density of 
larvae in the aquarium and the level of 
food received: more frequent cannibalism 
was induced by higher density and lower 
levels of food. Siblings had a tendency 
not to eat conspecifics. 


DOES LOGGERHEAD TURTLE REGULATE ITS BUOYANCY BY 
CHANGING AIR VOLUME IN HER LUNGS? 

Shingo Minamikawa, Yasuhiko Naito, Itaru 
Uchida’. Toshitaka Hidaka* ~“Dept. Zool. Fac. 
Sci. Kyoto Univ., Kyoto, “National Institute of 
Polar Research, Tokyo, and “Nagoya Port Aquarium, 
Nagoya 


Diving behavior of the loggerhead turtle (Caretta 
caretta) during internesting period was recorded 
by time depth recorder (TDR) and time swimming 
distance recorder (TSDR). The diving pattern of 
this animal had basically four phases. At first 
the turtle dove to maximum depth (first descent), 
at once ascended till certain depth (first 
ascent), then gradually ascended (gradual 
ascent), and finally surfaced (final surfacing). 
Among more than 50% of her dives the turtle 
stayed at certain depth without swimming during 
gradual ascent. This means that the turtle was 
neutral buoyant during this phase. The depth at 
gradual ascent phase positively correlated with 
the dive duration, but maximum depth didn't. 
This suggests that the depth during gradual 
ascent related with oxygen storage of the turtle, 
that is, the buoyancy of the turtle should be 
determined by the air volume in her lungs, and 
it must determine the depth at the gradual 
ascent phase. We could suggest a hypothesis 
that loggerhead turtle adjusts the air volume 
inspired into her lungs to the depth prior to 
diving in order to regulate its buoyancy. 


URINE MARKING BEHAVIOR AND RESPONSE TO 
URINE IN SMALL JAPANESE FIELD MICE 
(APODEMUS ARGENTEUS ) 

M. Daumae. Dept. of Biol., Coll. of Arts 
and Sci., Univ. of Tokyo, Tokyo, Japan. 


The urine marking pattern of small 
Japanese field mice (A. argenteus) and 
their response to it were investigated. 
From my previous reports, this species 
performs urine marking behavior when they 
were exposed to novel environment. When 
they were exposed to urine of both sex, 
they preferred blank area which indicates 
that male mice avoid male urine presented 
with female urine. For the A. argenteus 
which are considered to be territorial and 
monogamous, the presence of both sex type 
urine in the same area may imply the 
existence of a pair of mice. 

In order to investigate if the urine 
of paired mice has an effect to make a 
strange male avoid them, the behavior of 
male in the presence of paired mice was 
analyzed. The time spent by male mice in 
the room neighboring to a paired mice 
showed significantly negative correlation 
with the amount of urine and the number of 
urine spots deposited by the paired mice. 

These responses of A. argenteus to 
urine suggest that their urine marking has 
a role in their territoriality and their 
monogamous mating system. 


ACTIVITY RHYTHM OF THE DJUNGARIAN HAMSTER 
UNDER LONG AND SHORT PHOTOPERIODS. 

A. Masuda and T. Oishi. Dep. of Biol., Fac. of Sci., Nara 
Women's Univ. Nara. 


In the Djungarian hamster, body weight and gonads are 
influenced by photoperiods. We investigated whether the 
locomotor activity rhythm is also influenced by photoperiods. 
Hamsters maintained under a long photoperiod (16L8D, 
25°C) for 12 weeks were divided into 2 groups. One group 
was transferred to a short photoperiod (8L16D, 25°C; SD 
group, N=7) and the other was maintained under the long 
photoperiod (LD group, N=6). Body weight was measured 
and testis size was estimated by palpation every two weeks. 
Activity rhythm was recorded by a phototransistor and a 
digital data recorder. In the long photoperiod, activity 
duration was about 6-8 hours and phase angle difference of 
the activity onset was 0-0.5 hour. In this group, the activity 
duration and phase angle difference did not change much, 
similar to the change in body weight and testis size. In most 
of animals under SD group, body weight decreased and testis 
showed an atrophy and then they recovered by 
photorefractoriness. During the early time in short 
photoperiod, the activity duration and the phase angle 
difference of the activity onset was about 5-8 hours and 0-0.5 
hour, respectively, but later they changed to 9-10 hours and 
0.5-1 hour, respectively. In some animals under SD group, 
the amount of activity changed compared with that in the 
previous LD condition. Thus, photoperiod is effective to 
induce changes in locomotor activity rhythms, but the relation 
to the changes in body weight and testis is not clear. 


168 Behavior Biology and Ecology 


THE RELATIONSHIP BETWEEN PATERNAL BEHAVIOR AND 
ANDROGEN IN MICE (MUS MUSCULUS) 

F, Matsumoto and T. Kimura. Dept. of Biol., Coll. 
of Arts and Sci., Univ. of Tokyo, Tokyo. 

Male mice which had copulated and cohabited 
with the mate until her delivery (’sexual experi- 
ence’) showed paternal behaviors with much higher 
frequency than naive males. We already reported 
that the experience of copulation enhance pater- 
nal behaviors of males. 

On the other hand, we also reported that even 
naive males show paternal behaviors after castra- 
tion, and daily injection of 50ug testosterone 
propionate (high TP) to those castrated males 
completely inhibited the occurrence of paternal 
behaviors. These results suggested the possibility 
that the effects of ’sexual experience’ is related 
to the change in serum androgen level. Since we 
confirmed that daily injection of 5ug TP (low TP) 
to castrated males does not prevent paternal 
behavior, we determined the serum testosterone 
levels of both high and low TP group, and compared 
with that of intact naive and ’sexual experience’ 
males. The serum testosterone level in the low TP 
males was lower than intact naive males or ’sexual 
experience’ mice which behaved paternally, and the 
level in the high TP males was not significantly 
different from either intact naive males or ’se- 
xual experience’ males which behaved paternally. 

It is obvious that the testosterone has a 
potent inhibitory effect on the occurrence of 
paternal behavior in naive males, but it seem that 
the occurrence of paternal behavior caused by 
sexual experience is not directly mediated by the 
serum androgen level. 


TERRITORY FORMATION OF LABORATORY MICE 
S. Hayashi. Fac.Educ., Kagoshima Univ., 
Kagoshima 


Territory formation of male mice in a 
laboratiry was studied. The apparatus 
(50x23x13 cm) was composed of right, 
center and left chambers. There was a 
hole between the center and each side 
chamber. Mice could go through the hole 
when the sliding door was opened. Male 
mice were put into the right and left 
chambers for 3 days. Then the sliding 
door was kept open till the end of the 
test. When 2 males were put into each 
side chamber, one male (firstly dominant) 
dominated the others after opening the 
door and occupied one chamber and attacked 
entering mice. A few dominant male forsook 
a territory and huddled with other males. 
When the dominant male had been taken out, 
they fighted one another and one (secondly 
dominant) of three mice dominated the 
other two. The secondly dominant male 
often occupied one chamber as the firstly 
dominant male. More than 1 month later, 
each male was put into the side chamber 
solitary and tested again. The firstly 
dominant male occupied one chamber. Those 
which had forsaken exclusive occupation 
did not do so. The secondly dominant male 
did not show so strong territoriality as 
the firstly dominant male. 


OBSERVATIONS OF INDIVIDUAL RECOGNITION IN 
MUSK SHREW. 

O.Matsuzaki, Inst. of Biol. Sci., Univ. of 
Tsukuba, Tsukuba. 


When a male and a female musk shrew were 
placed in a glass tank, they showed a 
series of mating behavior patterns. At 
first they encountered each other and 
recognized each other as conspecific. 

Then the male stimulated the female and 
prompted the female to walk forward at 
even pace. The female then became 
receptive and wagged its tail, and the 
male followed the female. If the male 
left the female, the female touched the 
male's body with hers and placed her hips 
against the tip of the male's snout. This 
seemed to tempt the male to follow the 
female. The male attempted several 
mountings, and finally the female received 
ejaculation from the male. Then the male 
suddenly changed its attitude and bit the 
female. On the other hand, if a pair of 
male musk shrews were placed in a glass 
tank, they showed a series of mating 
behavior patterns until mounting, and when 
a pair of female animals were placed 
together, they tried to let one animal 
follow the other. Thus in musk shrews, 
after conspecific recognition, individual 
sex-specific mating behavior is initiated. 


LIFE CYCLE ANDDIAPAUSE GF GEMMULE IN SPQNGILLA 
ALBA, FRESHWATER SPONGE. 

Y. Suzuki and Y. Watanabe. Dept. of Biol., Ochanomizu 
Univ., Tokyo. 


SSW OO ———e————————————— 
We examined the sequence of events that occurred in 


the life cycle; gemmule hatching, sexual reproduction, 
gemmule formation, tissue regression and gemmule 
dormancy in Spongilla alba both in natural 
environment andin the laboratory. The life cycle of S. 
alba at the Lake Hinuma, brackish water, was as 
follows; gemmules hatchedin late June, gametogenesis 
followed hatching, sexual reproduction occurred in 
August, sponges had active tissue until late September 
and in Qctober sponges degenerated and left only 
gemmules until May of next year. Gemmule formation 
began in July andcontinuedtill early Gctober. The life 
cycle that has such a long diapausing period and 
short period of active sponge is-very specific in the 
freshwater sponges in the temperate zone. 

We performed surveys in the field and experiments in 
the laboratory to elucidate the factors of diapause and 
the hatching of the gemmule of S. alba. Although the 
gemmules did not hatch until water temperature 
elevated 25°C in the field, in laboratory experiment 
they hatched at 20°Cin two weeks after formation. In 
the field, the sponge cells survived in the gemmules in 
winter. In laboratory experiment the hatchability 
and synchronization of hatching fell down in the 
season. From spring to summer, the hatchability and 
synchronization of gemmule elevated, and in June, 
hatching season in natural environment, they showed 
the highest in a year. These results suggested that the 
life cycle in S. alba is the processes that occur at special 
time of the year also under the experimental condition. 
Some internal factors may control the life cycle such 
as a biological clock 
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EGG SPAWNING AND PLANULAE RELEASE OF 
Oulastrea crispata IN OKINAWA. 

Y. Nakano! and K. Yamazato* 'Sesoko Marine Science 
Center, Univ. of the Ryukyus, Okinawa, and 7Dept. of Biology, 
Col. of Sci, Univ. of the Rvuk Oki 

Oulastrea crispata continued to spawn eggs at 
intervals of several days, from July to October in 1992 
and from early July in 1993, regardless of the lunar 
phase. The lengths of such spawning seasons are 
much longer than other faviid corals. The presence 
of mature eggs and sperm were confirmed from early 
July to October. Each polyp was hermaphroditic, with 
ovarian and testicular regions in all twelve 
mesenteries. Eggs of different development stages 
within the mature gonads were observed at the same 
time. Eggs were spawned from midnight to dawn, 
and then sunk to the bottom and changed into 
planulae without zooxanthellae, before noon. The 
size of the mature spawned white eggs without 
zooxanthellae was about 130 um in diameter. The 
planulae swam in water column. Some planulae 
were released from the mouth directly. These latter 
planulae may develop in the coelenterate after 
release from the gonads. On the other hand, another 
type of planulae that contained zooxanthellae and 
nematocysts were released directly to the water 
during the spawning season. They crawled on the 
bottom by cilia in the culturing vessels, five or more 
days after spawning, and settled. These planulae may 
develop from mesenteries, and may represent a kind 
of strategy for asexual reproduction. 


EFFECTS OF GROWING DENSITY AND ABSENCE OF 
WATER SURFACE ON NYMPHAL DURATION AND/OR 
REPRODUCTION IN A WATER STRIDER, AQUARIUS 
PALUDUM. 

T. Harada. Dept. of Biol., Fac. of Sci., 
Osaka City Univ., Osaka. 


The reduction of water surfaces by dry- 
ing up is so dangerous for water striders 
especially for nymphs. This study aims at 
clarifying whether increasing density and 
absence of water surface were used or not 
as signals of the reduction of their habi- 
tat. It took a little shorter for the 
nymphs to grow up at a high density (14.4- 
4.4 nymphs / 100 cm*) than at a low densi- 
ty (7.8-1.3 nymphs / 100 cm*). The high 
density in nymphal stage caused lower fe- 
cundity than the low density. Photoperiod 
and temperature were 15.5L-8.5D and 25°C 
through the above rearing. Adults in dia- 
Pause were collected in autumn and put on 
water surface or on wet-paper instead. 
They were reared under a condition (15.5L- 
8.5D, 20°C) terminating reproductive dia- 
Pause. Part of the adults in the absence 
of water surface began to lay eggs later 
by 10-20 days than in the presence of 
water surface. Moreover the adults on 
the wet-paper were less fecund than on the 
water surface. These results suggest that 
Aquarius paludum uses both high density 
and the absence of water surface as sig- 
nals of the reduction of water surface in 
the field. 
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LONG-DAY-SHORT-DAY PHOTOPERIODIC 
RESPONSE ENSURES THE BIVOLTINE LIFE 
CYCLE OF NEZARA ANTENNATA 

H. Numata, Dept. of Biol., Fac. of Sci., Osaka City Univ., 
Osaka. 


The oriental green stink bug, Nezara antennata Scott 
(Insecta, Heteroptera, Pentatomidae), produces two 
generations a year in central Japan. We examined the 
photoperiodic response in this species by rearing 
insects under various photoperiodic conditions at 25°C 
and under natural conditions. Adults entered diapause, 
both under constant long-day and constant short-day 
conditions. When we transferred insects from long- 
day to short-day conditions, they began to lay eggs. 
This long-day-short—day photoperiodic response 
ensures the bivoltine life cycle in M antennata as 
follows. The adults of the first generation that develop 
under long-day conditions in June and July enter 
summer diapause. After exposed to shortening of the 
daylength, they begin to lay eggs in late August. The 
adults of the second generation that develop under 
short-day conditions in September enter winter 
diapause and begin to lay eggs in the next June. 


1IGHT AND DAILY VERTICAL MIGRATION OF THE 
FIREFLY SQUID IN SPAWNING SEASON. 


Vo Kito! H. Uragami2 K. Narita! QO. Inamura?> 


M.Michinomae4 and M.Seidow. 1 Dept. Biol., 
Osaka Univ. ,Toyonaka, 2vokata Fish.Coop., 
3uozu Aquarium, Toyama, 4Dept.Biol. , Konan 


Univ. Kobe, Aichi Pref. Art Univ. ,Aichi 

Large group of firefly squid, Watasenia 
scintillans, come to coast of Toyama for 
spawning in spring. This squids live in 
the day widely along the 250m depth line 
of Japan sea. Specific behavior in Toyama 
bay is due to a coastal topography, near 
the deep cleft in sea. How do they move 
upto near the coast is a problem to know 
lives of deep-sea animals. During 
March-July of 1994, We found an intense 
band of echo on the fish school finder, 
possibly from large group of the squid, 
coming upto 10m depth around sun-set near 
Yokata port. Daily vertical migration of 
deep-sea animals depends mostly on light 
in sea. We tried to macth the movement of 
the echo with change in light intensity. 
We measured spectral intensities at 75m, 
50m and 10m on the 100m bottom depth near 
the set-net till sun-set and estimated 
the critical intensity for their vertical 
movement. Measurement at the 250m depth 
in daytime is being investigated which 
will give a clue for the above mechanism. 
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VARIABILITY IN THE CIRCADIAN PERIOD OF 
RITSU IN DROSOPHILA MELANOGASTER. 
A.Matsumoto, K.Tomioka and Y.Chiba. Biol. Inst., Fac. of 
Sci., Yamaguchi Univ., Yamaguchi. 


The circadian period of ritsu, which was isolated from 
the natural population in Yamaguchi University, is 26.7 hr in 
constant darkness at 24°C. We found recently that the period 
of this mutant was greatly affected by an ambient temperature 
and by a 15-minute light pulse. (1) The period was 25.7 hr at 
19°C and 34.1 hr at 29°C. It is well temperature compensated 
in the range below 24°C (Q,,=0.93) as in the wild-type (Q,,=1), 
whereas, above 24°C, Q,, (0.63) was unusually deviated from 
1. (2) A 15-minute light pulse lengthened the period regardless 
of the phase at which the pulse was given. The longest period 
induced by the light pulse was 35.5 hr and the shortest was 
28.7 hr. (3) The double mutant with per’ (28.5 br at 24°C) 
showed the period of 32.9 hr at 24°C. This is 2 hr longer than 
the expected value (31 hr) on the basis of an additive effect. 
One of ten double mutant flies showed a period of 50.4 hr at 
29°C. These findings suggest that ritsu gene plays an important 
role in controlling the circadian activity. 


LIGHT AND TEMPERATURE DEPENDENCY OF 
LOCOMOTOR ACTIVITY IN DROSOPHILA 
ARRHYTHMIC MUTANT PER*. 

Y. Harui, A. Matsumoto, K. Tomioka, Y. Chiba. Biol. Inst., Fac. 
Sci., Yamaguchi Univ., Yamaguchi. 


The mutant per° in Drosophila melanogaster is one of the best 
investigated clock mutants, supposed to be a null mutation 
lacking the circadian system. However, there are some reports 
to contrast the hypothesis. We have investigated the locomotor 
activity of per® in various lighting and temperature conditions 
to examine whether the mutation has lost the circadian system. 
per® flies showed clear entrained activity rhythms both under 
light and temperature cycles that were quite different from the 
wild-type Canton-S flies. In LD12:12, per’ was diurnally active 
at 24°C but nocturnal at 29°C, while the wild-type flies persisted 
diurnality independent on temperature. Under the temperature 
cycles of 12h 18°C alternating 12h 26°C, per’ flies were acting 
during warm phase in constant darkness (DD) but during 
cool phase in constant light (LL), whereas the wild-type flies 
were consistently active in warm phase. per” flies skipped the 
active phase on the day of transfer from DD to LL. These data 
would be interpretable by at least two hypotheses. The first 
one is that light and temperature cycle directly drive the 
entrained locomotor rhythm. In this case, however, one must 
assume the interaction between light and temperature on the 
regulating system to the locomotor activity; these two exogenous 
factors may influence the sensitivity of the system to one another. 
The second possibility is that the temperature sensitive clock, 
such as proposed in Drosophila pseudoobscula, is somehow 
involved in the per’ locomotor system. 


EFFECT OF STRESS ON PLASMA GLUCOSE LEVEL 
IN THE TOAD, Bufo japonicus 


K. Sawai, J. C. Wingfield and S. Ishii. Dept. Biol., Sch. 
Edu., Waseda Univ., Tokyo 169-50. 

Adult toads were captured in July and immediately exposed to a 
stress by handling for blood collection and enclosing in a plastic 
bag (17 x 14 x 24 cm) individually for further blood collections. 
Blood samples of 30 to 50 «1 were collected by heart puncture 
at 0, 5, 10, 30 and 60 minutes after capture. The glucose 
concentration in plasma changed from about 20 to 80 mg/dl 
over 60 minutes. A similar high plasma glucose level was 
reported in feral toads breeding in a pond (Kubokawa ez ai., 
1987). A similar stress experiment was conducted using toads 
that had been kept in capture for two days at 6 or 24C. The 
toads were given the stress at the acclimated temperatures. The 
plasma glucose level increased over 60 minutes and then 
decreased gradually until 180 minutes after the start of the 
stress in the high temperature group. In the low temperature 
group, plasma glucose continued to increase slowly over the 
entire experimental period of 180 minutes. We concluded that 
the low temperature decreased the rate constant of the response 
but had no effect on the maximum level of the response. 
Adrenaline may be responsible for the elevation of blood sugar 
in response to the stress. 


Changes in blood sugar level of wild Japanese toads (Bufo 
Japonicus) during the breeding season 

M. Kikuchi, K. Sawail, J. X. Wilson? and S. Ishii! 

1Dept. Biol. Sch. Edu. Waseda Univ. and 2Dept. Phys. 
Univ. Western Ontario, Canada 

We reported that blood sugar shows the highest level in the 
year when they breed in the pond, although they are completed 
fasted in this period (Kubokawa ef a/., 1987). In the present 
study, we intended to know further detailed relation of blood 
sugar and reproductive behavior. Blood samples were collected 
from male and female toads migrating to a pond at different 
distances to the pond in March and Apmil, 1993 in/near Tokyo. 
The mean glucose level in blood plasma was 20 mg/dl in male 
and female solitary toads migrating on the ground and as high 
as 80 mg/dl in toads of both sexes found in the pond. The level 
was higher in amplexing males than in solitary males on the 
ground around the pond (c.a. 100 mg/dl). After breeding, 
plasma glucose returned to the initial level. From these results, 
we concluded that both entering the pond and amplexing are 
stimuli to increase blood sugar. Wilson ef al. (1991) reported 
that GnRH administration induced adrenaline release from the 
adrenal medulla in anurans. We are going to measure plasma 
adrenaline in the same toad individuals used in the present 


experiment. 
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TASTE DISCRIMINATION IN THE AXOLOTL: 
QUANTITATIVE COMPARISON BETWEEN FEEDING 
BEHAVIOR AND AFFERENT NEURAL RESPONSE. 
T. Nagai and H.-A. Takeuchi. Dept. 
Physiol., Teikyo Univ. Sch. Med., Tokyo 
and Dept. Biol., Fac. Sci., Shizuoka 


Univ., Shizuoka, Japan 
Salamanders are widely use as an 


animal model for physiological and 
anatomical studies of taste receptor 
cells, but the animals’ ability to 


discriminate taste has never been tested 
quantitatively. Axolotls instantly snap 
to the prey objects moving in the water, 
which allowed us to measure the effect of 
the four basic taste stimuli on feeding 
behavior. Gel pellets containing either 
Single stimulant or binary mixtures were 
dropped in the aquarium to induce 
snapping. Results were expressed as_ the 
ratio of animals that rejected the pellet. 
Afferent responses were recorded from the 
glossopharyngeal nerve. Taste stimuli 
except sucrose proved to be stimulatory to 
the nerve and generally induced rejection 
of the pellet dose-dependently. However, 
the rejection did not always parallel the 
magnitude of nerve responses. In quinine 
large rejection occurred at the threshold 
(1 mM) to activate the nerve. The 
rejection to NaCl was small even at 2 M. 
When mixed with quinine, the 100 mM NaCl 
Significantly reduced the rejection to 
quinine, suggesting potential in NaCl to 
induce swallowing that is the behavior 
opposite to rejection. 


ARM AND STALK MOVEMENTS OF THE CRINOID 
METACRINUS ROTUNDUS 

R. Birenheide1, T. Motokawa! and S. Amemiya? ,!Tokyo 
Inst. Technol. , Fac.Sci. , Biol.Lab. , Tokyo, 2Univ. of 
Tokyo, Misaki Mar. Biol. Lab. , Kanagawa, JAPAN 


Stalked crinoids are deep sea animals which have 
rarely been observed as living animals. We present the 
first detailed study of their movements based on real- 
time and time-lapse video observations of animals 
living in an aquarium. We found, that M. rotundus 
moves rather quickly. We could distinguish three types 
of movement: crawling, climbing and bending of the 
stalk. During crawling the animals pulled their body with 
the leading arms; sometimes the following arms helped 
in stemming the animal forward. At climbing only the 
leading arms were active in pulling the animal up. The 
power-stroke of the leading arms during crawling and 
climbing was accomplished by aboral bending of the 
arms. The arm contains no muscles on the aboral side 
but an elastic ligament. Thus it seems likely that M. 
rotundus climbs and crawls using the recoil of an 
elastic ligament for the power stroke of its arms. The 
stalk of crinoids is believed to contain no muscles. In 
some cases we could observe quick bending of a stalk 
and active return into the upright position without 
change of the arm posture or any help of arms or cirri. 
This is the first proof that stalked crinoids can bend their 
stalk actively. We therefore suggest that the stalk 
contains some type of contractile element. The cirri of 
the stalk were observed to change their position even if 
the animal is not crawling. It seems likely that the cirri 
can actively move. 


FUNCTIONAL MORPHOLOGY OF AN ELASTIC 
LIGAMENT IN THE ARM OF THE STALKED CRINOID 
METACRINUS ROTUNDUS 


R. Birenheide!, T. Motokawa! and S. Amemiya? ,1Tokyo 
Inst. Technol. , Fac. Sci. , Biol. Lab. , Tokyo, 2Univ. of 
Tokyo, Misaki Mar. Biol. Lab. , Kanagawa, JAPAN 


Stalked crinoids are well known from the fossil 
record. Their arm contains oral muscles without 
antagonistic muscles on the aboral side. It was 
suggested that the aboral ligament would work like an 
elastic spring, but neither ultrastructural nor 
biomechanical studies have been done. The aboral 
ligament in the arm of Metacrinus rotundus consists of 
collagen, microfibrils, fibroblasts and neurosecretory- 
like cells and is similar to echinoderm catch connective 
tissue. A network of nervous processes inside the 
ossicles connects to the neurosecretory-like cells. The 
collagen exhibits the usual banding pattern of ca. 64 
nm. The microfibrils exhibit a banding pattern only after 
fixation in the presence of polyethyleneimine (PEI). The 
banding periodicity was found to be variable even in the 
same fibril. It seems possible that the microfibrils are 
elastic strands interconnecting the stiff collagen fibres. 
In mechanical experiments we found that the ligament 
is an elastic material. We suggest, that the aboral 
ligament is stiff and fixes the arm in a certain position, 
e.g. for filtration of food particles in strong currents. The 
ligament would soften to allow the oral muscles to bend 
the arm. When the muscles relax, the ligament recoils 
elastically and bends the arm to the other direction. 
Thus muscle and elastic ligament work antagonistically. 
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ROTIFERA & STRANGE TESTACEAN FROM THE 
NEW TERRITORIES OF HONG-KONG IN FEBRUARY. 
M.Sudzuki.Biol.Lab.,Nihon Daig.Univ.Omiya, 
Followings have been revealed basing on 
the sample collected on 2 & 3 Feb.'93 by a 
routine method from 2 reservoirs, 7.e.Shing 
Mun(S)+Tai Lam Chung(T) and 2 small shallow 
ponds,one with(L),another without Zema(P) 
near Lau Fau Shan,Yuen Long.-1) Dominant sp 
ecies: S oblongatpectinata(T), 2. s. birostris 
+ Collotheca spp.(S), #. c.cornuta(P),2) $ +D% 
of F.cornuta in P,D% of 2. sulcata in S,%$ of 
S.sp-in T,3) spined forms of 4. calyciflorus 


=90% in P; & cochlearis=100% in S,10% in T, 4) 


F.bLrachiata seems 1 form of cornuta,since 
in the HK specimens, body=100-110x60-65,lat. 
bristles (BR) =18-20,caud.BR= 30-48mu,but all 
BR thickened at the base.Vitellarium(VT) :9 
nuclei.Eggs carried by "thread" .D-egg like 
longiseta,&:40-45x30mu,5) 2. remata(4 nuclei 


in VT) in T&P, 2.¢. trigla(ventral paddles[VP) 


-) in T+P; 2.4. vulgaris(VP+) in P,6)The same 
Asplanchna sp.as Sudzuki,M('91l,p. 23) in T, 


7) An.sp.of ZLepadel/a( foot opening closed, 
cross section like JZ. pumilo;lorica 72x70x46) 


from S.Besides,detected 8) #%.a.angularis, B. 
a.bidens, 8.a.daitojimensis, 8.a.oritentalis,B 
leydigi, B. guadridentatus, A. f1s. urawensis,A. 


navicula, E. a.lucksiana,&.lyra, C. adriatica, C 


obtusa, S. mutica, S. rostrum, Lp.ovalis, X.astac 
icola, Lec. mira,Z.tenuiseta,M.closterocerca, 
Dril.bucephalus, 7. pusilla, D.dixon-nuttalili, 
Gastropous sp., Rot.neptunia from P, C.Ainden 
burgi,lL.patella from UL, Ch. ovalis, §S.stylata 
from T.9) Psmmophilous testacean, M/crampho- 
ra sp.( Test pyriform,100 x 75mu_,pseudo- 
stome 75mu in diameter) discovered from S. 


FRESHWATER SPONGES (PORIFERA, SPONGILLIDAE) OF 
OKINAWA JIMA, JAPAN 

Y. Masuda and K. Satoh, Dept. of Biol. Kawasaki 
Med. Sch., Kurashiki. 


No report on freshwater sponges of Ryukyu Islands 
in Japan has been published so far. We here 
describe freshwater sponges collected from five 
stations in Okinawa jima in January, 1993. These 
specimens are classified into four genera, five 
species. They are Eunapius fragilis, Radio- 
spongilla cerebellata, Heteromeyenita stepanowtit, 
Ephydatia fluviatilts, Ephydatia sp.. Ephydatia sp. 
is recorded for the first time in Japan, though the 
other four species were recorded in Japan and in 
Taiwan. 

The taxonomic characteristics of Ephydatia sp. 
are as follows. 1) Megascleres are slightly curved 
and microspined amphioxea; length range 184-336 um 
(mean value 259 um), width range 8.1-16.8 um (mean 
value 11.6 wm). 2) Microscleres are absent. 3) 
Gemmoscleres are birotulates with rotules of equal 
diameter. Rotules are disk like, and their margins 
are serrated, not deeply incised. Length 
differences of shafts of rotules pronounced; length 
range 22.6-64.4 ym (mean value 45.4 um), width 
range 4.4-7.9 wm (mean value 6.4 ym) diameter of 
rotules range 21.1-31.0 wm (mean value 25.7 ym). 

Ephydatia sp. is clearly distinguished from its 
congener, E.fluviatilis, of which megasclere are 
entirely smooth and length differnces of 
gemmoscleres are not pronounced. 


FREE-LIVING NEMATODES FROM RIVERS OF NANSEI 
ISLANDS. 
K.Yoshimura, Ube College. 


Free-living fresh- and brackish-water 
nematodes from the rivers Yona, Hiji, 
Kokuba, Miyara, Nakama, and Urauchi, in 
Nansei Islands, were studied. In these 
rivers, the gravel or rubble substrates 
beneath the fast current is unstable, and 
few species of free-living nematodes, such 
as Tripyla sp., Dorylaimus sp., or Mon- 
hystera sp., were found. However, the sandy 
or mud margins of streams are stable enough 
for a variety of nematodes, aquatic as well 
as terrestrial species, to inhabit in 
larger quantities. Species of the genera 
Cyatholaimus, Southerniella, Monhystera, 
Tripyla, Ironus, Dorylaimus, and Mononchus 
represented the meiobenthic animals in the 
present samples from such habitats. In the 
meantime, above the falls Kanpira and 
Maryuudo, midstream of the Urauchi River, 
the bottom rock was covered with minute 
green algae, which seems to have contrib- 
uted to the dominance of Mononchidae sp. 
together with chironomids and corixids. 


A SEPTATE GREGARINE, HYALOSPORA SP. WAS 
FOUND FROM JAPANESE THYSANURA 

K. Hoshide and K. Sacho Biol. Lab. Fac. 
of Educ. Yamaguchi Univ., Yamguchi 


Morphological features and seasonal 
changes of a gregarine from Japanese Thy- 
sanura was studied. Eighteen species of 
gregarines which belong to seven genus 
have been reported from Thysanura until 
now. In July 1992 rockjumper, Lepismachi- 
lilis nipponichus SILVESTRI collected in 
the campus of Yamaguchi University was in- 
fected with a septatae gregarine. The 
life-cycle, cephaline, gamont, gametocyst 
and oocyst, was observed. The cephalins 
and gamonts were found in the mid intes- 
tine and the gametocysts were found in the 
feces. The oocysts were obtained from the 
gametocysts which were kept in a moist 
chamber. Two matured gamonts became a 
syzygy and they associated with head to 
tail. The maximum length of associated 
gamonts is 1550 wm and maximum width is 
250um. Nucleus is spherical to ellipsoi- 
dal and the diameter is 20-30 wm. Cepha- 
line was cylindrical at very small stage 
and became ovoid at more developed stage. 
The epimerite was globular. Gametocyst 
was pear-like shape and the diameter was 
130um. The gametocyst dehisced oocysts by 
simple rupture. The oocyst was spindle 
shaped. According to the characters of a 
gamont and oocyst this species belongs to 
the genus Hyalospora. 
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THE MARINE TUBIFICIDAE (OLIGOCHAETA) OF 
HOKKAIDO 

Y. Takashima. Div. of Biol. Sci., Grad. 
Sch. of Sci., Hokkaido Uniyv., Sapporo. 


A faunal survey of the marine Tubifici- 
dae, a poorly known group in Japan, was 
undertaken in the intertidal and shallow 
water subtidal zone along the coast of 
Hokkaido from 1991. Seven species are 
reported: Rhizodrilus pacificus, Akte- 
drilus longitubularis*, A. fissilis*, 
Nootkadrilus sp.**, Limnodriloides sp.**, 
Tubificoides brevicoleus and T. shurovae*. 
Among them, two species (marked with **) 
are new to science, and three (marked with 
*) are recorded for the first time in 
Japan. 

Recent advancement in the study of 
marine Oligochaeta is briefly summarized 
and a taxonomic account of above species 
is presented. 


A STUDY ON CHROMOSOMES IN SKA ANEMONE. 
Y.Fukui. Biol. Lab., School of Nursing, 
Tokyo Women’s Medical College, Tokyo. 


Chromosomes of Haliplanella lineata (An- 
thozoa: Actiniaria) were studied by a simple 
method that involved examination of Giemsa 
stained preparations. This species is dioe- 
cious and reproduces sexually, at least in 
Miura district (near Tokyo). The prepara- 
tions were made from early embryos after 
fertilization in the laboratory. This is the 
first report of chromosome number for the 
acontiate sea anemones. A modal diploid nun- 
ber of 32 chromosomes was observed in meta- 
phase plates. No chromosome could be recog- 
nized as sex chromosome in the present prep- 
arations. 

The method reported here is applicable to 
studies of chromosome of other Actiniaria 
(sea anemones) in which external fertiliza- 
tion occurs, with mature gametes being re- 
leased from individuals of both sexes. H. 
luciae is characterized by a high degree of 
morphological and ecological diversity. Fur- 
ther studies on karyotype analysis may shed 
light on the divergence of this species. 


ON GERM CELL FORMATION OF HYDROZOA. 

K. Noda’, C. Kanai’, S. Kubota’, and A. Takada’®, 
‘Ultarast. Res. Tokyo Metropol. Inst. of Gerontol., °Seto 
Marine Biol. Lab., Kyoto Univ., *Div. of Biol. Sci., 
Grad. Sch.of Sci. Hokkaido Univ., 

We have examined mophologically a course of oo- 
genesis or spermatogenesis during a gonophore for- 
mation of Hydrozoa(anthomedusa) in special reference 
to 1) migrating route of germ cells, 2) site of germ 
cell maturation in gonophores, and 3) the stage of 
germ cells migrating into the “gonad” .The present 
results are divided into following three groups. 

A) Halocordyle disticha, etc., ; Primordial germ 
cells migrate to entocodal ectodem of young gono- 
phore through ectoderm of polyp. An oocyte situated 
at the central part of an egg-forming area develop 
into an egg as well as fresh water polyp,Pe/matohydra 
robusta . B) Stylactaria misakiensis, etc., ; Four-six 
oocytes migrate solitary into the endoderm of gono- 
phores through the endoderm of polyp from stolon, 
and are finally located at the side of entocodal ecto- 
derm. C) Eudendrium sp., etc.,; Numerous sperma- 
togonia crowed into endodermal cavity of gonozooid 
through a cavity of a branch of a stalk. Then, they get 
into the bsae of endodermal epithelial cells, but, they 
never traverse the mesoglea. Spermiogenesis in this 
species is progressed (in the mesoglea) between ecto- 
derm and endoderm of styloid type gonophore. 


ON GONOPHORE FORMATION OF THREE GENERA 
OF HYDRACTINIIDAE ( CNIDARIA, HYDROZOA) 

A. Takada', H. Namikawa® and S. Mawatari', 'Div. 
of Biol. Sci., Grad. Sch. of Sci., Hokkaido Univ., Sapporo, 
° Dept. of Zool., Natl. Sci. Mus., Tokyo 

Histological examination on a forming process of 
gonophores was done in Genus StyJactaria (S.uchidat, 
S. conchicola, S. misakiensis and S. multigranost), 
Hydractinia (H. uchidai), and Podocoryna (P. sp.) . 
Our present study is attempted in order to examin the 
system determining final structures of each gonophore 
type. 

The present results differ from previous reports in 
gonophore type of two species. Female sporosacs of 
S. uchidai and conchicola are classiffied as hetero- 
medusoid types, since ectocordal ectoderm is found in 
their developing gonophores. Endodermal umbrella 
lamella is not present throughout the gonophore form- 
ation in the latter species, although distal growth of 
spadix is observed. Female sporosacs of H. uchidai is 
teconfirmed as heteromedusoid, S. misakiensis and 
multigranosi as eumedusoid type as well as previous 
reports. P. sp. is used as materials with gonophores 
of free medusa type. 

Final structures of gonophores seem to be closely 
related to the stage of gonophore formation, when 
germ cells (oocytes) reach to the side of entocodal 
ectoderm. Phylogenic discussion of gonophore type is 
also tried on the basis of the present results. 
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THE DIVERSITY OF MICROPORELLA FROM 
HOKKAIDO 

T.Suwa and S. F. Mawatari. Div. of Biol. 
Sci., Grad. Sch. of Sci., Hokkaido Univ., 
Sapporo. 


Seven species of Microporella 
(echinata, sp.1, sp.2, sp.3, sp.4, sp.5, 
sp.6) from the coast of Hokkaido were 
taxonomically examined. The calcareous 
skeleton and chitinous parts of these 
specimens were investigated by scanning 
electron and light microscopy. Ovicells 
were immersed in spp.2 and 4, but salient 
in echinata and spp.1 and 3, and very 
prominent in spp.5 and 6. Ascopore was 
crescent and denticulate in echinata, 
spp.1, 2, and 5, but in spp.3, 4, and 5, 
it was reticulate type which is uncommon 
in Microporella. In spp.2 and 4, the 
proximal rim of orifice was serrate and 
with cardelles, and in spp.1, 5, and 6, it 
was not serrate but with cardelles. The 
mandibles was classified into four 
patterns: beak with seta (echinata); 
triangular plate (sp.1); lanceolate 
(spp.2, 3, 4, and 6); long setiform 
(sp.5). Opercula were similar between 
species, but in spp.2, 3, 4, and 5, they 
had a serrate structure on the proximal 
margin, and in spp.4, 5, and 6, they had a 
rough marking on the surface. Microporella 
from Hokkaido were shown to have greatly 
diversified characters, which were useful 
to identify species in the genus. 


SYSTEMATICS OF CELLEPORINA SPECIES (BRYO- 
ZOA, CHEILOSTOMATA) FROM HOKKAIDO WITH 
SPECIAL REFERENCE TO THEIR EARLY ASTOGENY. 
H. Ikezawa and S. F. Mawatari. Div. of 
Biol. Sci., Grad. Sch. of Sci, Hokkaido 
Univ., Sapporo. 


Ancestrular form and budding pattern 
together with adult morphology of three 
Celleporina species (C. sp.1l, C. sp.2, C. 
sp.3) from Hokkaido were studied by scan- 
ning electron microscopy. The ancestrulae 
of three species are all schizoporelloid 
type having a pair of disto-lateral projec- 
tions that bud off a pair of first daughter 
zooids simultaneously. Taxonomic differ- 
ences are detected in the morphology of 
zooid buds and avicularian columns among 
the three species. The ancestrulae of C. 
sp.1 have slender avicularian columns and 
reduced projections. Those of C. sp.2 which 
resembles C. fusiforma have avicularian 
columns fused with each other and mediumn- 
sized projections. Those of C. sp.3 have 
bean-like avicularia and prominent projec- 
tions. Emphasis on the transformation 
series appeared in their early astogenical 
characteristics may suggest not only the 
phylogenetic relationships but also the 
evolutional trends among six Celleporina 
species including the three known species 
(C. porosissima, C. umbonata, C. 
fusiforma). 


TERRESTRIAL TARDIGRADES IN THE RYUKYU AREA. 
K.Utsugi. Dept.of Biol.,Tokyo Women's Med. 
College, Tokyo. 


To survey the terrestrial tardigrades 
in the Ryukyu area,mosses and lichens were 
preliminary collected from 4 islands (Oki- 
nawajima, Ishigakijima, Iriomotejima and 
Yonakumijima). 45 samples were collected 
by 10 persons who visited these islands as 
travelers during a period from 1985 to 
1992. 10 species of 6 genera of tardi- 
grades were extracted from 15 samples. 

At least one to four species within 7 
eutardigrade species (Macrobiotus harms- 
worthi, M.hufelandioides, M.orcadensis, 
Minibiotus intermedius, Isohypsibius schau- 
dinni and Hypsibius maculatus) were found 
from 4 islands. Among 3 species belonging 
to Heterotardigrada, Echiniscus japonicus 
was found at Okinawajima island. However, 
E. lapponicus and E. tessalatus were re- 
strictly obtained from Iriomotejima island. 

The distribution of tardigrades in the 
area will be revealed by further survey on 
more samples in broader area. 


STYGARCTID TARDIGRADE SHOWING NEOTENY FROM 
KUROSHIMA ISLAND, RYUKYU ARCHIPELAGO. 


H. NODA, DEPT. BIOL, TOKYO WOMEN'S MEDICAL COLLEGE, 
TOKYO. 


A single specimen belonging to the Stygarctidae 
(Arthrotardigrada) was obtained from coarse coralline sand (-17 m) 
off Kuroshima Island, Yaeyama Group, Ryukyu Archipelago, 1986 
July 3. 

This specimen shows neoteny in claw number. It is a matured 
female with a pair of seminal receptacles but has only two claws on 
each leg which is normally a characteristic feature of a first-stage 
larva in this order. Neoteny in claw number is known in several other 
stygarctids. 

This specimen well resembles Parastygarctus biungulatus but 
has several differences in cuticular structure, and it is to be 
determined as a separate species. P. biungu/atus and the present 
species share several characters which are not seen in other 
members of Parastygarctus, such as two claws on each leg, 
Stygarctuslike head structure and caudal cuticular spikes. These 
two species may be placed in a separate genus in the family 


Stgarctidae. 
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Octopus dofleini (WULKER, 1910) AND 
Octopus  hongkongensis HOYLE, 1885. 


I.G. Gleadall. Ohu Univ., Koriyama, and 
Graduate School of Information Sciences, 
Tohoku University, Sendai. 


The giant Pacific octopus ('mizudako') 
was for many years identified in Japan as 
Paroctopus hongkongensis (Hoyle, 1885). 
Then, in 1964, Pickford placed it firmly in 
the genus Octopus and revived Sasaki's 
(1929) identification, as Octopus dofleini 
(Wiilker, 1910). However, Pickford separated 
QO. hongkongensis from O. dofleini with 
great difficulty, and tentatively retained 
a closely related species, O. madokai 
(Berry, 1921), as a synonym of O. dofleini. 
The relationship between O. hongkongensis, 
QO. madokai and QO. dofleini therefore 
requires clarification. Also, the type 
locality of O. hongkongensis and O. madokai 
is Sagami Bay, Tokyo, so what is the 
connection with Hong Kong? 

Octopus hongkongensis (O. madokai is a 
junior synonym) is known as '‘amadako' in 
Fukushima Prefecture. The adults are just 
over lm long, and differ markedly from 
QO. dofleini in: head & body size & shape; 
skin patterning; funnel organ size & shape; 
male & female reproductive organs; and size 
of eggs. Hoyle identified his holotype with 
four specimens from Hong Kong, which he 
mistook to be juveniles but are in fact 
adults of a small species related to the 
QO. australis - O. berrima complex. 


KARYOTYPIC COMPARISON OF THE SEA URCHIN, 
PSEUDOCENTROTUS DEPRESSUS WITH 3 SPECIES 
OF ECHINOIDS BELONGING TO THE FAMILY 
STRONGYLOCENTROT I DAE. 

K. Saotome. Yokohama City Institute of 
Health, Yokohama. 


The several different views have been 
presented about taxonomic situation of an 
endemic Japanese species of the sea urchin, 
Pseudocentrotus depressus forming a single 
genus of its own. Though the system in 
which P.depressus belongs to the family 
Toxopneustidae has been generally ac- 
cepted, the recent analyses by biochemical 
techniques have shown that P. depressus is 
more closely related to the family 
Strongylocentrotidae than to the family 
Toxopneustidae. 

To more clarify the taxonomic position 
of P.depressus, its karyotype was compared 
with those of 3 echinoids species 
(Strongylocentrotus nudus , Strongylo- 
centrotus intermedius and Hemicentrotus 
pulcherrimus) belonging to the family 
Strogylocentrotidae. The karyotype of P. 
depressus was similar to those of S. nudus 
and S. intermedius, but was different from 
that of H. pulcherrimus. 

Although the karyological data in this 
paper show the more close relation of P. 
depressus to the family Strogylocentroidae, 
the comparison by several banding tech- 
ciques will be necessary to elucidate 
further taxonomic position of_P. depressus. 


OCCURRENCE OF THE LEFT COELOMIC 
VESICLE IN BIPINNARIA, WITH A 
CONSIDERATION TO THE RELATION TO 
DEVELOPMENTAL TYPE OF ASTEROIDS. 
M. Komatsu, M. Kawai, Y. D. Noda’, M. Dan-Sohkawa? 
and C.Oguro®. Dept. of Biol., Fac. of Sci., Toyama 
Univ., Toyama, ‘Dept. of Biol., Fac. of Sci., Ehime 
Univ., Matsuyama, *Dept. of Biol., Fac. of Sci., Osaka 
City Univ., Osaka and *Toyama Univ., Toyama. 


A left coelomic vesicle emerges as a thickening of 
the left side of the archenteron at the late gastrula stage 
in Asterina pectinifera. At the early bipinnaria stage it 
is Situated at the middle position of stomach. This vesicle 
subsequently contacts with the posterior end of the left 
coelomic pouch, and finally is fused with the latter. 

This observations show that this structure is formed 
in many seastars with a bipinnaria of the indirect type 
of development. However, the left coelomic vesicle is 
absent in Astropecten polyacanthus, A. scoparius and 
Luidia maculata. Development of all these species is of 
nonbrachiolarian type, which develops passing through 
bipinnaria only. In addition to these species, a survey 
was Carried out for the occurrence of the left coelomic 
vesicle. The result indicates an intimate correlation 
between the occurrence of this vesicle and the 
developmental type. 


DEVELOPMENT OF THE SEA-STAR, 

HENRICIA PACHYDERMA. 

M.Komatsu', H.Tominaga’ and C.Oguro*.'Dept. 
of Biol.,Toyama Univ., Toyama, *Kanazu High 
Sch.,Fukui and “Toyama Univ.,Toyama. 


Development of the non-brooding sea-star, 
H. pachyderma collected from Otsuchi Bay, 
Iwate Pref., was observed with a light 
microscope and an SEM through metamorphosis. 
This species is diecious and gonopores are 
situated on the lateral side of the proxim- 
al arm. Ova is ca.1.2mm in diameter, brown 
in color, opaque and floating. Cleavage is 
equal and radial. Through the wrinkled 
blastula stage, hatching took place 4 days 
after the fertilization. The hatched gastr- 
ulae, 1.5mm in length and 1.2mm in width, 
were swimming by cilia. Brachiolariae were 
guitar-shaped and covered by uniformly 
cilia, ca.13um in length and ca.10/100um’ 
in density. Brachiolariae sank to the 
bottom and metamorphosis began about 15 
days after the fertilization. About 50 days 
after, a mouth is open. A terminal tentacle, 
a red eye-spot and 4 pairs of tube-feet are 
visible on the future oral side in each arn. 
Seventy days after, juveniles were 1.7mm in 
diameter. 

In the present study, larval development 
of this species was observed in detail and 
compared with those of previouly reported 
henrids, all of which were brooding species. 


176 Taxonomy and Systematics 


LARVAL DEVELOPMENT AND META- 
MORPHOSIS OF THE _ SEA STAR, 
ASTROPECTEN POLYACANTHUS 
MULLER ET TROSHEL. 
M. Komatsu, M. Sugiyama and Y. T. Kano’. Dep. of 
Biol., Fac. of Sci., Toyama Univ., Toyama and ‘Uozu 
aquarium, Uozu. 

Although early development of the present species 
was reported, metamorphosis has not been observed. 
In the present study, bipinnariae are fed by the algae. 
The right and left coelomic pouches are contact with 
each other at their anterior tips, 1 month after fertilization 
at 25°C. In this stage, spicules, corresponding to 
rudiments of adult skeltal plates, appear on the posterior 
part of the bipinnaria. Occurrence of these spicules 
indicates the beginning of metamorphosis. One week 
later, full grown bipinnariae are 1.6mm in length. Fifty 
days after fertilization, larval organ begins to shrink 
rapidly, and thus the metamorphosis becomes to its 
climax. Newly metamorphosed juveniles are 500 4m 
in diameter and each arm bears 2 pairs of tube feet. 

Because bipinnariae of A. polyacanthus do not 
develop into a brachiolaria, development of the present 
species is nonbrachiolarian like in 5 other astropectinids 
and 3 luidiids, reported previously. 


THE DEVELOPMENT OF THE SEASTAR, 

ASTERIAS AMURENSIS LUTKEN, WITH A 

CONSIDERATION TO THE SYSTEMATIC 

RELATION TO A. AMURENSIS VERSICOLOR 
ADEN. 


M. Komatsu, M. Kawai and C. Oguro'’. Dep. of Biol., 
Fac. of Sci., Toyama Univ., and ‘Toyama Univ., 
Toyama. 

Although Dan (1975) outlined the larval development 
of A. amurensis, which is one of the most common 
asteroids in Japan, the entire process of development 
from eggs to juveniles has not been reported. 

Breeding in Otsuchi Bay, Iwate Pref. occurs in 
early May, 1992. Ova are 150 u m in average diameter. 
The first cleavage occurs 3 hours. after fertilization at 
8°C. Five days after fertilization, embryos develop into 
bipinnariae through a wrinkled blasula stage. Bipinnariae 
have left posterior coelomic pouch. Three months after 
fertilization, they are transformed into a brachiolaria. 
Full grown brachiolariae with elongated lateral arms 
of bipinnaria 2.5 mm long, are 5.2 mm in length. 
Metamorphosis takes place 4 months after fertilization, 
and 1 month later is completed at approximately 
13°C . Resulting juveniles are about 700 « m in diameter 
and each arm bears 2 pairs of tube-feet. 

Development of Asterias amurensis is indirect, 
passing through bipinnaria and brachiolaria stages. The 
present results are compared with those of A. amurensis 
versicolor sladen, which is a sub-species of the present 


species. 


A PRELIMINARY REPORT ON THE 
REPRODUCTION AND DEVELOPMENT OF 
THE GASTRIC BROODING SEASTAR, 
SMILSTERIAS MULTIPARA O'LOUGHLIN 
AND O'HARA. 

M.Komatsu, K.Tanaka, C.Oguro' and P. M. O'Loughlin’. 
Dep. of Biol., Fac. of Sci., Toyama Univ., ‘Toyama 


Univ., Toyama and *Mus. of Victoria, Australia. 

S. multipara was described by O'Loughlin and 
O'Hara (1990) as a new species from south-eastern 
Australia, and broods up to 300 youngs in the stomach. 
The brooding type of S. multipara is superficially 
similar to that of Leptasterias groenlandica reported 
by Fisher (1930). It is interesting that these 2 species 
are both belonging to the family, Asteriidae. However, 
the details of the brooding habit and development of 
these species are remained unknown. 

Sampling of animals was made in the tidal zone at 
least every 3 month. Histological and SEM observations 
of the specimens shows : 1) The present species is 
presumably dioecious. 2) Gonads of both sexes are 
compacted with mature gametes from the end of July to 
August. 3) Gonopores are situated at the lateral side of 
the rays. 4) Full grown ova are 1.3mm in diameter. 
5) Development generally occurs at the end of August. 
6) Embryos develop through a wrinkled blastula stage 
within the stomach. 7) The stomach is packed with 
metamorphosed juveniles with 5 pairs of tube feet in 
each arm in October. The present results are compared 
with those of the other brooding asteroids. 


PROBABLE INTRODUCTION OF POLYANDROCARPA 
ZORRITENSIS (VAN NAME) TO KITAKYUSHU AND 
KOCHI, JAPAN 

T. Nishikawa, Y. Kajiwara2and K. Kawamura? 

IGraduate School of Human Informatics, 
Nagoya Univ., Nagoya, “Kitakyushu Municipal 
Institute of Environmental Health Sciences, 
Kitakyushu, and SDept. of Biol.. PAG. Wiz 
Sci., Kochi Unalv.... Kochi 

A colonial styelid ascidian Polyandrocarpa 
zorritensis, known from shallow waters of 
Peru (type locality) in 1931, Brazil in 
1958 & 1962, and in the Mediterranean Sea 
from 1974, has been taken in benthos col- 
lected from rocky subtidal zone of Dokai 
Bay, Kitakiyusihiu) Gfiroim)iOlcit 1h9/Sil) eeannidiant 
Usa. Kochi on buoys and immersed ropes 
(from the summer of 1991). A comparison of 
Japanese specimens with Mediterranean ones 
confirms their conspecificity, on the basis 
of the similarity in the colony composed of 
almost isolated zooids joined to one 
another only by propagative stolonic 
protrusions, the existence of only a single 
endocarp (in the first intestinal loop), 
the very shallow second loop, the elongated 
rectum, and a single row of round hermaph- 
roditic gonads along each side of mid- 
ventral line. There is evidence that the 
species has probably been introduced by 
ship very recently. Polyandrocarpa zor= 
ritensis seems to favor the mouth, rather 
than the bottom, of bays. Further finds of 
this species around Japan is probable. 
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GEOGRAPHIC DIFFERENTIATION AMONG LOCAL POPULATIONS 
OF THE HEIKE-FIREFLY, LUCIOLA LATERALIS. 

H. Suzuki', Y. Sato= and N. Ohba? 

‘Olympus Optical Co.,Ltd.,Hachioji, =Natl. Res. 
Inst. Vegetable, Ornamental Plants and Tea,Kanaya 
and Yokosuka City Mus. , Yokosuka. 


The Heike-firefly, Luciola Jateralis, is 
distributed from east Siberia to Japan except 
Okinawa Islands. Female and male of this 
species communicate to each other with their 
original flash, and the flash pattern as mating 
signal is geographically differentiated. A rate 
of flash communication in Hokkaido population is 
in particular sporadic, while that in Honshu 
populations is frequent. We examined genetic 
differentiation between Hokkaido and Honshu 
populations by electrophoretic analysis of 
allozymes to compare the behavioral 
differentiation with allozymic result. In the 13 
enzymes assayed, different alleles at one enzyme 
locus were fixed in Hokkaido and Honshu 
populations respectively. 


PHYLOGENY OF CERATAPHIDINI APHIDS 
AND EVOLUTION OF THEIR EUSOCIALITY: 
AN APPROACH FROM SYMBIOTIC MI- 
CROORGANISM. . 
T.Fukatsu!, S.Aoki2, U.Kurosu? and H.Ishikawa!. 
1Zool. Inst., Fac. Sci., Univ. of Tokyo, Tokyo, 
2Lab. Biol.. Col. of Gen. Edu., Rissho Univ., 
Saitama and *Lab. Ent., Tokyo Univ. of Agr., 
Tokyo. 


Tribe Cerataphidini (Aphididae), in which 
sterile altruistic castes have evolved at least twice 
independently, is an interesting group to study 
evolution of pusociality/ ia Homoptera. However, 

hylogeny of Cerataphidini genera and species 
ave BS unclear. We examined more than 30 
Cerataphidini aphids for their symbiotic system 
histologically. Other than many species with typi- 
cal prokaryotic intracellular symbionts as found in 
other aphids, we found those with an symbiotic 
system which is quite exceptional in aphids. Their 
symbionts were yeast—like, eukaryotic and extra— 
celiular. These yeast symbionts were divided into 
three groups in terms of their morphology. 

e analyzed the type of symbionts and 
other characters and constructed a cladogram of 
Cerataphidini aphids. It was composed of two 
monophyletic groups; one was with intracellular 
symbionts and the other was with vies symbionts. 
The phylogeny strongly suggested that the second 
instar soldier on the primary host plant evolved 
before the two groups diverge whereas the first 
instar soldier on the secondary host evolved later 
in the group with intracellular symbionts. 


SPECIES PROBLEMS IN PARAMECIUM CAUDATUM 
Y. Tsukii 
Laboratory of Biology, Hosei University, Tokyo 


Syngens (sibling species) in Paramecium caudatum 
(morpphological species) have been solely identified by the specificities 
of mating types and indistinguishable using isoenzymes or other 
characters so far examined. Furthermore, the fact that the artificially- 
induced intersyngenic hybrids produced fertile progeny indicates the 
absence of post-meioticisolation mechanisms between syngens. These 
threw doughts on the application of concept of "syngens’ for the mating- 
type groups in P. caudatum. 

Toknow genomic relationships among natural stocks in P. caudatum, 
random amplified polymorphic DNAs (RAPDs) from macronuclear 
DNA samples were examined, andthe data of the pair-wise comparison 
of unique and shared RAPDs were employed to construct phenograms 
using UPGMA method. 

Totally 21 primers were used for 50 natural stocks, and 182 RAPDs 
were detected. Five natural stocks collected at U.S.S.R. and Hokkaido 
were found to be genealogically apart from others and four of them 
formed one cluster. However, other 45 natural stocks were not clearly 
divided into subgroups. In most cases, stocks which were found to be 
closely related belonged to different syngens, though some stocks 
belonging to the same syngen were close to each other. Namely, 
phylogeny of macronuclear DNA does not coincide with mating-type 
groups. 

These were inconsistent with the former assumption that mating-type 
groups were the biological species reproductively isolated from each 
other, and strongly suggest that species in P. caudatum, if existed, are 
unable to be simply identified by their mating types. 


PHYLOGENETIC POSITION OF DICYEMIDS 
(MESOZOA, DICYEMIDA), AS INFERRED FROM 
THE SEQUENCE OF 18S RIBOSOMAL DNA 

T. Katayama’, H. Furuya’, H. Wada’, N. Satoh* and 
M. Yamamoto! 1. Ushimado Marine Lab., Okayama Univ., 
2. Osaka Univ., 3. Kyoto Univ. 


Dicyemids have the simplest body plan in the 
metazoans. There are two views on their phylogenetic 
position: (1) that they are very close to the ancestral 
metazoan and (2) that they secondarily derived by 
degeneration from a trematode-like organism. We 
determined sequences of 18s rDNA for two species of 
dicyemids (D. orientale and D. acuticephalum ) and 
constructed phylogenetic trees using NJ method. In 
the phylogenetic tree including some diploblastic and 
triploblastic animals, dicyemids come into triploblastic 
category. In the phylogenetic tree including acoel, 
triclad and polyclad turbellarians, and a trematode, acoel 
turbellarians are the sister group of the group consisting 
of dicyemids + other platyhelminths. In the latter 
group, dicyemids are the sister group of the taxon 
consisting of the other platyhelminths. This result seems 
to unfit to the hypothesis that dicyemids derived from 
the trematode. 
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PHYLOGENETIC POSITION OF DIPLOBLASTS INFERRED FROM 
SEQUENCES OF SMALL SUBUNIT RIBOSOMAL DNA. 
M.Kobayashi 1, Y.Watanabe ', M. Takahashi 2, H.Wada? and 
N.Satoh 3. | Dept.of Biol., Fac. of Sci., Ochanomizu Univ., 
Tokyo, 2 Dept.of Biol., Fac. of Sci., Kagoshima Univ., 
Kagoshima,? Dept.of Zool., Fac. of Sci., Kyoto Univ.,Kyoto. 


The origin and phylogenetic relationship of metazoans have 
received considerable attention over the years. Current 
debate concerns whether the metazoa are monophyletic or 
polyphyletic. Recent studies of molecular phylogeny based 
upon comparisons of the partial nucleotide sequences of 18 
and 28S rRNAs have suggested that the metazoa are 
polyphyletic,i.e., that diploblasts and triploblasts form two 
separated monophyletic units. In order to examine this 
hypothesis, we determined almost the complete sequences of 
small subunit rDNA for two poriferans Sycon calcaravis and 
Tetilla japonica and a ctenophore Beroe cucumis. 
Phylogenetic comparisons of the sequences, together with 
those of other organisms (protozoa, plants, fungi, cnidarians, 
and triploblasts) support the monophyly of the metazoa. In 
other words the diploblasts and triploblasts formed a discrete 
unit of monophyletic origin. The deduced phylogenetic tree 
also implies two divergences of the metazoa; one evolved a 
variety of diploblasts and the other that occurred later, 
evolved a variety of triploblasts. As suggested from 
paleontology, the former is the Vendian radiation and the 
latter is the Cambrian explosion. 


PHYLOGENETIC RELATIONSHIPS OF CNIDARIANS 
DEDUCED FROM COMPARISON OF NUCLEOTIDE 
SEQUENCES OF 18S rDNA 

M.Takahgsh} 9 Y.Kakinuma?, H.Wada2 and 
N.Satoh“. ~“Dept.of Biol., Fag.of Scie, 
Kagoshima Univ., Kagoshima, “Dept.of 
Zool., Fac.of Sci., Kyoto Univ., Kyoto. 


Cnidarians exhibit two forms. One type is 
sessile polyp and the other is free-swimn- 
ming medusa. The life cycle of two 
classes of the Cnidaria includes the 
pelagic medusa at the adult stage, which 
is quite different from the benthic adult 
of the third class. Recognition of the 
basal class thus bears on whether the 
medusa is a morphological and ecological 
innovation on the original body plan of 
the phylum. The debate is that the 
characters are independent of life cycle 
variation. The degree of disagreement is 
such that some scientists are routinely 
trained in tradition that the class 
Hydrozoa is primitive, whereas others are 
trained to regard the class Anthozoa or 
Scyphozoa as primitive. To understand 
better the evolutionary relationships, we 
determined and compaired almost the 
complete sequences of 18S rDNA for three 
classes of the Cnidaria and a species of 
Ctenophore. We discuss the evolution of 
cnidarians based on results of the present 
and preceding studies. 


PHYLOGENETIC RELATIONSHIP AMONG 
SPECIES OF THE DROSOPHILA TAKAHASHI 
SPECIES SUBGROUP. 

A.Inaba!, A.Fukatami! and T.Aotsuka2. !Dept. of 
Biology, Meikai University School of Dentistry, 
Sakado, Saitama, 2Dept. of Biology, Tokyo 
Metropolitan University, Tokyo. 


The Drosophila takahashii species subgroup 
belongs to the melanogaster species group and is 
widely distributed in southeast Asia, India and 
Australia. Twelve species have been described in this 
subgroup, and a variety of stages of speciation, 
which provide useful materials for the study of 
evolutionary genetics, are recognized. 

We investigated phylogenetic relationships among 
the 6 species of this subgroup (D. lutescens, D. 
takahashii, D. prostipennis, D. nepalensis, D. 
paralutea , and D. trilutea ) by restriction analysis of 
mitochondrial DNA (mtDNA). The ten restriction 
endonucleases used in 156 isofemale strains yielded a 
total of 37 different mtDNA haplotypes. The number 
of nucleotide substitutions per site between mtDNA 
haplotypes in the subgroup ranged from 0.3% to 
4.3%. The phylogenetic tree among the 6 species 
constructed using mtDNA variation was not always 
consistent with those predicted by cross experiment 
or protein analysis. 


GENETIC VARIABILITY OF mtDNA AMONG THREE 
TYPES IN Halocynthia roretzi -IIiI-. 

T. Kakuda!, F. Takizawa!, A.Hino! and 
T.Numakunai? 

'Biol. Sciences,Kanagawa Univ. Hiratsuka, 
@Mar.Biol.St., Fac. of Sci.,Tohoku Univ. 
Asamushi. 

Halocynthia roretzi is classified into 
three types according to the difference 
of the breeding season and the start time 
of spawning. All of these three types are 
find out in Mutsu bay, type A is also in 
Hokkaido and type C distributes all around 
Honsyu island. They seem geologically and 
reproductively isolated and there is a 
possibility that they represent an early 
stage of sympatric speciation. 

The analysys of mtDNA restriction frag- 
ments by 12 enzymes was done as the previ- 
ous report. After HincII digestion, poly- 
morphism was found and it was correlated 
with each type. In the cases of XbaI and 
BanII digestion, some adults of the Type C 
showed unique pattern of the restriction 
fragments. In Type B, no polymorphism was 
found in all digestions which were tested. 
To measure the degree of genetic differen- 
tiation, we calculated estimates of sequ- 
ence divergence based on the proportion of 
shared restriction fragments (Nei and Li 
'79).The genetic distance (d) within three 
types of ASamushi was 0.28 + 0.09x10°2 and 
between Asamushi and Ushimado was 0.66 x 
10-2. It seems that the geoglogical isola- 
tion is effective to (d) in this species. 
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GENETIC VARIABILITY OF MITOCHODRIAL DNA 
IN THE GENUS Halocynthia. 
F. Takizawa!, A. Hino! & T. Numakunai? 
‘Dept. of Biol. Sciences, Kanagawa Univ. Hiratuka, 
2? Mar. Biol. St., Fac. of Sci. Tohoku Univ. Asamusi 

It is already reported that the genetic distance (Nei ,72) 
based on lsozyme analysis between Ciona intestinaris 
and C. savignyi was 0.87 and it seems that they were 
distinct about four millions years ago (Hino et.al '87). 


In this paper, we report genetic variability among three 
types of Halocynthia roretzi andHalocynthia aurantium 
by estimates of restriction fragment data of mtDNA. 

The molecular sizes based on agarose gel electrophore- 
sis of restricted mtDNA of H. roretzi and H. aurantium 
were both about 16kbp. No polymorphism with few 
restriction site was found in the digestion by Bam H1. 
Bgl 1 andXho 1 in both species. In the cases of 
Bgi I ,EcoRV,HindIl, Pst 1 ,andXba I digestion, 
different patterns of the restriction fragments were 
found out between the two species. After HincI or Ava 
I digestion, polymorphism was found and it was 
correlated with each type and species. 

According to these estimates, the genetic distance (Nei 
& Li 79) between H.roretzi and H.aurantium is 
computed as 0.3 , and it seems that they were distinct 
about two millions years ago. Isozyme analyses of these 
two species are now investigating. 


GENETICAL VARIETY OF rRNA GENE IN 
CIONA T 

Midori Matsumoto and Motonori Hoshi 

Dept. of Life Science, Tokyo Inst. of Tech., Kanagawa. 


Genetical variety of rRNA gene (rDNA) 
Tepeated units was studied in Ciona savignyi (collected 
from Asamushi, Yamada, Kesennuma, Onagawa, 
Tateyama and Toyama) and Ciona intestinalis 
(collected from Onagawa, Maizure, Nagoya, 
Hiroshima and Kouchi). We previously reported that 
the lengths of the internal spacer region between 18S 
rDNA and 5.8S rDNA had wide variety by amplifying 
individual Ciona DNA of this region with PCR method. 
For further investigation, we determined the sequences 
of each PCR product of the spacer region. It was 
found that, individuals which have different length 
PCR products of the spacer region did not show 
homology with each other. Individuals which have 
same length PCR products of the region showed 
homology with each other, but many point mutations 
were observed. These results indicates that the internal 
spacer region in Ciona rDNA had polymorphisms in 
nucleotide sequence level. 


PHYLOGENETIC ANALYSIS OF DEUTEROSTOMES. 
ON THE EVOLUTIONARY HISTORY FROM 
INVERTEBRATES TO VERTEBRATES. 

H. Wada, N. Satoh. Dept. of Zool. , Fac. of Sci. , Kyoto 
univ., Kyoto. 


In order to understand the phylogeny and evolutionary 
history of deuterostomes, almost complete sequences 
of 18S rDNA of five classes of echinoderms, 
hemichordate, urochordates (a larvacean and a salp) 
and two chaetognaths were determined using PCR 
direct-sequencing method. Together with already 
reported sequences of vertebrates, cepharochordate, 
ascidian and some protostomes, phylogenetic 
analysis was performed by neighbor-joining method 
and maximum likelihood method. Phylogenetic trees 
support the monophyly of the deuterostomes. 
However, chaetognaths were not included in this 
group and some affinity of chaetognaths with 
protostomes was suggested. The deuterostome 
group closest to vertebrates was the group of 
cepharochordates. Urochordates (ascidians, 
larvaceans and salps) formed a monophyletic group, 
in which the early divergence of larvaceans is evident. 
These results imply that chordates evolved from free- 
living ancestors. 


PHYLOGENETIC STUDY OF THE GENUS ORYZIAS 
AND ITS RELATIVES IN SULAWEST, INDONESIA. 

K. Naruse, A. Shima , M. Sakaizumi’, 
B.Soeroto, H. Uwa. Zool. Inst., School. 
of Sci., Univ. of Tokyo, Tokyo, ‘Dept. of 
Biol., College of Gen. Education, Niigata 
Univ., Niigata, Dept. of Fisheries, Sam 
Ratorangi Univ., Manado, Indonesia, 

Dept. OL s10le), hace) sOGsoCin ohinshu 
Univ,, Matsumoto. 

Six species of the genus Oryzias and 4 
species of its relatives, (Family 
Adrianichthyoidei) have been reported in 
Sulawesi Island. We have visited the 
Sulawesi in 1991 and 1992 and collected 6 
species of the genus Oryzias and 1 
species of the genus Xenopoecilus as the 
live, fixed and/or DNA samples. All 
species except O. celebensis and O. 
javanicus were endemic in three 
lakes (Lakes Poso, Matano and Towuti) 
located in the central part of Sulawesi. 
This is the first record of O. javanicus 
in Sulawesi. Most species of the genus 
Oryzias and its relatives in Sulawesi 
seem to have been adapted to the lake, 
but not to rice field or small canal. 

To examine the phylogenetic 
relationships of these species, we 
analyzed the electrophoretic patterns of 
16 proteins. The results of this 
experiment indicated that 0. nigrimas 
had the large genetic difference from 
other species of the genus Oryzias in 
Sulawesi. We also isolated the 
mitochondorial ribosomal DNA by PCR and 
the determination of the DNA sequences 
is under way. 
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IRIOMOTE CATS AS A GEOGRAPHIC VARIANT OF 
Felis bengalensis. 

H. Suzuki’, S. Sakurai’, T. Hosoda’, N. 
Sakaguchi*?, K. Tsuchiya‘. ‘Jikei Univ. 
Sch. Med., Tokyo, * Gobo Shoko High Sch., 


*Kyushu Univ., ‘Miyazaki Med. College. 


To clarify the origins of the Iriomote 
cat, which is sometimes classified as a 
distinct species, Felis iriomotensis, we 
analyzed RFLPs of rDNA, using 12 restric- 
tion enzymes. From the variations in 
restriction sites, we estimated the 
interspecific sequence divergence. The 
value between F. iriomotensis and F. 
catus (domestic cat) was about 1.5%, 
whereas no variations in restriction 
sites were observed between F. iriomoten- 
Sis and F. bengalensis (leopard cat), 
suggesting that the ancestral population 
moved from the continent to Iriomote 
Island quite recently. However, the 
extent of intragenomic variations in the 
rDNA spacer was much lower in F. iriomo- 
tensis than in F. bengalensis. We assume 
that, even though migration of F. iriom- 
tensis was recent, the species has di- 
verged to some extent from its continen- 
tal counterpart, perhaps via fixation of 
polymorphic variations into a unique form 
rather than by generation of new varia- 
tions. 


MOLECULAR PHYLOGENY OF THE IRIOMOTE CAT, 
MAYAILURUS IRIOMOTENSIS, BASED ON 
ANALYSIS OF MITOCHONDRIAL DNA SEQUENCES 


R.Masudal-2 Motz wa>, F.Shinyashiki* and 

M.C.Yoshida~’ (“Chromosome Res. Unit, 
Fac. of Sci., “Grad. Sch. of Environ. 
arth Sci., Hokkaido Univ., Sapporo, 
Dept. es Biol., Univ. of Ryukyus, Okina- 


wa_and ‘Okinawa Int. Univ., Okinawa) 


The Iriomote cat, Mayailurus iriomo- 
tensis, was described as an endemic 
species of Iriomote Island. This feline 
species is one of most endangered animals 
in Japan. However, the species relation- 
ship of this feline in the family Felidae 
has not been fully examined. In this 
study, to investigate molecular phylogeny 
of the Iriomote cat, we sequenced two 
regions of mitochondrial DNA (mtDNA), 12S 
rRNA (371 bp) and cytochrome b (402 bp) 
using polymerase chain reaction direct 
sequencing method. Based on comparison 
with other species of Felidae, mtDNA 
sequences of the Iriomote cat were very 
close to those of some Asian species. 
This result suggests that the Iriomote 
cat has a common ancestor to some Asian 
feline species and obtained morphological 
and ecological characteristics after geo- 
graphic isolation. 


ANIMALS-FUNGI-PLANTS RELATIONSHIP INFERRED 
FROM MANY PROTEIN SPECIES 

Nikoh, N., Hayase, N., lwabe, N., Kuma, K., Miyata, T. 
Dept. of Biophys., Faculty of Sci., Kyoto Univ., Kyoto. 


The phylogenetic relationship among animals, fungi, 
and plants is currently debated in molecular evolution 
field: The inferred phylogenetic trees differ for different 
authors, depening on tree-making methods, protein or 
RNA species, and sequence alignments they used. 
These results strongly suggest close divergence times 
between ancestors leading to the three kingdoms. To 
obtain a reliable inference, we have carried out a 
molecular phylogenetic analysis using 21 different 
protein species based on maximum likelihood (ML) 
method, thought to be the most reliable tree-making 
method, together with neighbour-joining (NJ) method, 
and maximum parsimony (MP) method in comparison; 
ribosomal RNAs were not used in the present analysis, 
because in gerenal tree topologies inferred from rRNAs 
widely differ from one another, depending on the 
nucleotide compositions of sequences and species 
included, and often predict unrealistic phylogenetic 
relationships . The overall result of 21 protein species 
with 8031 amino acid sites in total revealed a close 
relatedness of animals to fungi than to plants at 
Statistically significant level, judging from the log- 
likelihood value. Also the probability that this tree 
topology is realized under the bootstrap resamplings 
of1000 times was estimated to be 87%. 


CHANGES IN THE MODE OF CLEAVAGE DIVISION 
PARALLEL MAJOR BRANCHING EVENTS OF THE 
GENEALOGICAL TREE 

M. Dan-Sohkawa. Dept. of Biol., Fac. of 
Sci., Osaka City University, Osaka, Japan. 


A greater part Of animal species is 
classified into two major groups, protos-— 
tomes and deuterostomes. It is widely 
accepted that the branching event of these 
two groups coincided with a bifurcation 
between the spiral and the radial cleavage 
divisions. 

If the time factor is neglected, the 
same branching point can be looked upon as 
a trifurcation between the spiral, the 
radial and the heart-shape division of 
Coelenterates. A similar parallelism 
between branching of major animal groups 
and bifurcation of modes. of cleavage 
division is found in the vertebrate branch 


in respect to the development of brain. 
That is, eggs of those animals bearing 
primary brains, such as cyclostomes, 


dipnoans and amphibia, cleave by holoblas— 
tic radial cleavage, while those of ani- 
mals bearing more complex brains, such as 
teleosts, reptiles and birds, divide by 
discoidal cleavage. 

Furthermore, return to holoblastic 
radial cleavage marks the emergence of 
trophoblastic development of mammals’ and 
the evolution of the cerebrum. 

These parallelisms suggest a possible 
role of ontogenesis in the evolution and 
diversification of the animal kingdom. 
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ABALONE HEMOGLOBINS EVOLVED FROM 


INDOLEAMINE 2,3-DIOXYGENASE III. The oxygen 
equilibrium curve and the partial gene structure. 

T. SUZUKI*, H. J. YUASA* & K. IMAI** 

*Dep.Biol., Fac.Sci., Kochi Univ., **Med.Sch., Osaka Univ. 


Sulculus diversicolor contains an unusual tissue hemoglobin 
(myoglobin) in radular muscle. The hemoglobin consists of 
about 40kDa polypeptide chain, contains one heme per molecule 
and forms homodimer in physiological conditions (1). The 
cDNA-derived amino acid sequence of Sulculus hemoglobin 
showed high homology (35%) with human indoleamine 2,3- 
dioxygenase (IDO), a tryptophan degrading enzyme containing 
heme, and suggests that the hemoglobin of Sulculus evolved 
from IDO gene, not from hemoglobin gene (2). The oxygen 
equilibrium curve of Su/culus oxyhemoglobin was measured in 
0.1M phosphate buffer (pH7.4) at 20C, using an automatic 
oxygenation apparatus. Sulculus hemoglobin can bind oxygen 
reversibly and the Psp was determined to be 3.8mmHg, showing 
that the oxygen affinity is lowered when compared with those of 
other tissue hemoglobins (P59=0.5-1.5mmHg). This would be 
attributed to the unusual heme environment of Sulculus 
hemoglobin. As a first step to make clear the evolutionary ongin, 
we are now analyzing the gene structure of Sulculus 
hemoglobin. A preliminary result shows that the gene consists 
of at least 10 introns and 11 exons. The splice junction of the 
first four introns were conserved exactly in the genes of Sulculus 
hemoglobin and human IDO, suggesting that they were 
conserved for at least 600 million years.(1) Suzuki & Furukohn 
(1989) Experientia 45, 998-1002. (2) Suzuki & Takagi (1992) 
J. Mol. Biol. 228, 698-700. 


NEWLY DISCOVERED HAIRLESS RAT WITH EYE 
ABNORMALITIES. T. Haneji. Dept. of 
Anatomy, School of Medicine, Chiba 
University, Chiba (Present address; Dept. 
of Anatomy, Kyushu Dental College, Kita- 
Kyushu) 


Hypotrichosis, the partial or complete 
absence of hair, has been described in 
many mammalian species and is known to be 
a heritable trait. Several spontaneously 
occurring mutant genes known to affect 
hair development in the rat have been 
reported. in the present study, new 
strain of hairless rat with eye 
abnormality is reported. The hairless 
mutant rats were first observed in 1991 in 
the grandoffsprings of pregnant Wistar rat 
obtained from a commercial supplier in 
Chiba, Japan. Thereafter, the hairless 
rats have been maintained by brother-to- 
Sister mating. The vibrissae of the rats 
are curly. The hairless condition is a 
simple recessive character, homozygous 
animals are hairless and heterozygous ones 
have normal hair. The hairless females 
attained sexual maturity around 3 months 
of age and littered normally. However, 
they have failed to nurse their offsprings 
because of the underdevelopment of mammary 
glands. Most of the hairless rats 
displayed eye abnormalities of variable 
incidence and severity, including 
superficial opacity and corneal 
inflammation. 
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ANNOUNCEMENTS 


THE 65TH ANNUAL MEETING OF THE ZOOLOGICAL 
SOCIETY OF JAPAN 


The 65th Annual Meeting of the Zoological Society of Japan will be held at Nagoya from 
October 5 to 8, 1994. Further information and application forms will be sent to the domestic 
members in the ‘Biological Science News’ (1994 February issue). The deadline for application is 
July 9, 1994. 

For application from abroad, please contact: 

Professor H. Ishizaki 
Department of Biology 
School of Science 

Nagoya University 
Chikusa-ku, Nagoya, Japan 
Fax : 052-783-0719 
Phone: 052-781-4462 


ZOOLOGICAL SCIENCE AWARD 


The Zoological Society of Japan will present the Zoological Science Award for the best original 
papers published in ZOOLOGICAL SCIENCE during the preceding calendar year. Every 
original paper published in this journal will automatically be candidates for the award. The aim 
of the award is to encourage contributions to this journal. Selection Committee for the award 
will be organized every year. 


ZOOLOGICAL SCIENCE AWARD 1993 was given to the following four papers. 

Nozaki, M. and A. Gorbman: The question of functional homology of Hatschek’s pit of 
amphioxus (Branchiostoma belcheri) and the vertebrate adenohypophysis. Vol. 9, No. 2: 
387-395 (1992) 

Furuya, H., K. Tsuneki and Y. Koshida: Two new species of the genus Dicyema (Mesozoa) 
from octopuses of Japan with notes on D. misakiense and D. acuticephalum. Vol. 9, No. 
2: 423-437 (1992) 

Kanzaki, R., N. Sugi and T. Shibuya: Self-generated zigzag turning of Bombyx mori males 
during pheromone-mediated upwind walking. Vol. 9, No. 3: 515-527 (1992) 

Iwamatsu, T.: Morphology of filaments on the chorion of oocytes and eggs in the medaka. 
Vol. 9, No. 3: 589-599 (1992) 
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